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IMTRGBUCTIOJ’ 


The  main  problem  of  electrical  communication  is  to  insure  reli¬ 
able  transmission  of  communications  ovsr  a  distance  from  one  point 
to  another  (and  sometimes  from  one  point  into  many  points)  with  the 
©id  of  electrical  means. 

In  accordance  with  this  task,  the  scientific-technical  problem 

♦ 

/\y  2 7  can  be  broken  up  into  basic  groups? 

1)  Insure  the  transmission  of  communication  over  a  distance. 

2)  Insure  connections  between  definite  points. 

Isa  the  first  group  of  problems,  one  solves  problems  of  pro¬ 
ducing  co:municat±on  channels.  The  principal  indices  here  are  the 
correspondence  between  the  received  communication  and  the  transmitted 
one,  and  the  degree  of  utilisation  of  the  volume  of  the  channel  and 

of  the  communication  line. 

The 

'  second  group  of  problems  concerns 

the  construction  of  networks,  stations,  and  circuits  of  the  commuta¬ 
tion  apparatus,  such  as  to  insure  the  possibility  of  interconnecting 
any  points  in  the  line  at  minimum  cost,  czr  to  transmit  communication 
in  the  necessary  direction.  The  main  qualitative  index  here  is  the 

speed  of  establishment  of  connection  or  the  speed  of  transmission  of 
communication  from  one  end  point  to  the  other.  -  • 


.  Tbs  problems;  of  the  eocoM  group  can  be  presented  in  general 
for®  as  follows.  "there  exists  an  area,  over  which  subscribers 
are  located  —  sources  and  receivers  of  information.  A  certain  volume 
of  infcraation  is  transmitted  between  them,  soft  is  of  raBdoa  ehsrao~ 
ter„  It  is  required  to  construct  a  network,  i.e.,  to  join  ail  tfas 
subscribers  with  each  other  and  with  tbs  communication  channels  in 
sueh  a  way,  as  to  insure  on  tbs  one  hand  the  required  quality  of 
service  (number  of  failures,  waiting  time,  delay,  etc.),  and  on  ta* 
other  band  at  a  oiniaua  cost.  For  the  sake  of  economy >  individual 
groups  of  subscribers  are  connected  to  common  s talons.  -The  c onset) 
tiott  'between  the  latter  is  cither  direct  or  through  intermediate 


station 


—  centers. 


Within  the  stations  and  the  centers  there  should  be  apparatus 


that  connects  or  transmits  communications  in  the  necessary  djreotxon 
this  apparatus  can  be  subdivided  into  switchboard  apparatus  and 
control  apparatus. 

Previously,  switching  and  control  systems  were  considered  as 
a  whole ,  Recently  there  is  a  separation  of  the  apparatus  of  those 
systems  because  of  the  difference  in  the  functions  performed 
and  the  qualitative  end.  quantitative  requirements. 

Switching  apparatus  should  insure  the  transmission  of  the 
communications  end  is  used  during  the.  entire  tims  of  this  trans¬ 
mission. 

Tte  purpose  of  control  apparatus  la  to  act  on.  the  switching 


'apparatus  in  such  a  way  that  tbs  latter  transmits  the  communication  i 
in  a  specified  direction.  It  follows  therefore  that  the  control 
apparatus  can  be  engaged  for  a  much  shorter  time  than  the  switching 

apparatus. 

,  . Consequently,  in  the  second  group  of  problems  we  can  single 

out  three  principal  problems s  the  construction  of  the  communication 
network*  the  switching  system,  and  the  control  system. 

For  broadcasting  and  television,  all  these  problems  are  solved 
relatively  s impiv ,  since  the  transmission  is  from  one  source  to  many 
consumers,  located  over  a  definite  area,  and  no  automatic  switching 
is  necessary.  For  telephone  and  telegraph  communication,  this 
problem  becomes  more  complicated  because  of  the  need  for  insuring 
transmission  of  messages  between  any  two  subscribers.  The  problem 
is  particularly  complicated  for  telephone  communication,  where  the 
number  of  subscribers  is  so  large,  and  a  connection  must  be  estab¬ 
lished  rapidly  in  simultaneous  transmission  of  communications  in 
both  directions. 

A  construction  of  reliable  communication  networks,  particularly 
for  the  USSR,  is  possible  only  when  all  the  connection  pro¬ 

cesses  are  automatized ,  and  also  when  unattended  amplifier  points, 
telephone  stations,  telegraph  stations,  and  radio  stations  are  built 
with  suitable  remote  control,  remote  serialisation,  monitoring, 
and  automatic  regulation  of  the  parameters  of  the  channels  and 
the  apparatus.  Automatization  of  communication  and  the  creation  of 


unattended  points  aa A  stations  make  It  possible  not  only  to  increased 
the  productivity  of  labor,  but  in  may  cases  to  reduce  considerably 
the  capital  expenditure  by  reducing  the  volume  of  building,  and  in 
some  senses  by  a  acre  rational  construction  of  the  network. 

Automatization  of  communication  is  primarily  a  question  of  pro-  j 
d using  automatic  control  systems  for  the  switching  apparatus  and 
for  other  communication  apparatus.  It  is  therefore  no  wonder  that 
the  question  of  creating  control  systems  has  developed  into  a  separate 
problem  precisely  because  of  the  wide  adoption  of  automatization.  ^ 

The  problem  of  creating  an  optimum  control  system  is  much 
similar  in  its  formulation  to  problems  in  telemechanics,  for  here 
one  solves  many  problems  on  the  transmission  of  a  number  from  the 
subscriber  to  a  station,  within  the  station,  and  also  between  sta¬ 
tions,  as  wall  as  the  problem  of  creating  control  circuits  for  the 
station*  It  does,  however,  have  its  own  peculiarities.  The 
principal  problems  in  control  apparatus  is  the  receipt  from  the 
subscriber  of  "an  address"  to  direct  the  communication  (the  number 
of  the  called  station) ,  the  determination  of  the  unoccupied 

channels  in  the  necessary  direction,  the  transmission  of  the 

order  to  the  switching  circuit,  the  establishment  bf  the  connection, 

further 

and  if  the  connection  is  not  complete,  the  ^transmission  of  the 
number.  On  the  other  hand,  tbs  control  apparatus  must  insure 
automatization  of  the  verification  and  monitoring  of  the  state 
,  and  operation  of  both  individual  installations  and  lines  (including 

L--  .  • — i 

7 


*  the  control  apparatus  Itself),  as  well  as  of  the  systems  as  a  whole.  I 

Consequently,  control  apparatus  performs  several  specific 
functions,  different  from  the  functions  of  the  other  apparatus. 

At  the  same  time,  it  is  connected  with  the  switching  and  other  appara- 
;  tus,  as  well  as  with  the  communication  channels.  , 

'i  .  r 

la  the  problem  of  constructing  control  systems  one  can  separate 
out  two  basic  groups  of  problems,  that  of  designing  control-appara¬ 
tus  circuits  and  the  creation  of  systems  for  transmitting  the  control 
carders  over  the  communication  channels. 

The  present  book  is  devoted  to  an  examination  of  problems  in 
the  first  group. 

Modern  control  devices  used  in  telephone,  telegraph,  and  radio 
are  made  up  of  apparatus  of  discrete  action.  The  elements  most  ex¬ 
tensively  used  in  this  apparatus  are  electromagnetic  relays  and 
selectors.  Recently  all  kinds  of  contactless  relay-action  elements 
have  come  into  use  —  semiconductor  diodes  and  transistors, 
electron  and  ion  tubes,  ferrites,  etc. 

The  process  of  creating  ary  relay  device  consists  of  the 
following  fundamental  stages: 

1)  Structural  synthesis,  consisting  of  making  up  the  struc¬ 
tural  diagram  —  the  principal  diagram  without  indication  of  the 
parameters  of  the  elements  contained  in  it  —  on  the  basis  of  the 
operating  coalitions  of  the  network  (on  the  functions  it  is  to 
perform)  and  the  choice  of  elements. 


_L.  -  — 

2}  Calculation  of  the  par  am fears  of  tbs  elements  that  enter 

into  the  circuit,  for  which  purpose  a  wiring  or  principal  diagram  is 
made  up, 

3)  Miring  of  the  units  and  completion  of  the  deques » 

faa  correctness  with  which  these  stages  are  performed  is  veri¬ 
fied  by  an  analysis  of  the  operation  of  the  circuit  during  individual 
stages  of  the  construction. 

Tbs  initial  data  far  the  design  of  the  circuit  of  any  device 
v  hatever  are  the  conditions  of  interaction  between  this  device  and 
others,  as  veil  as  the  elements  that  can  be  used  to  build  this  device 
relays,  vacuum  tubes,  semiconductor  diodes,  transistors,  ferrites, 
ionic  devices,  etc. 

The  device  may  have  to  satisfy  other  requirements,  for  example, 
those  involving  the  parameters  of  the  power  source,  dimensional 
requirements,  various  economic  requirements,  reliability  require¬ 
ments,  immunity  ggaiast  noise,  stability  against  mechanical  action 
and  against  changes  in  temperature  and  humidity,  and  technological 
feasibility  of  manufacture,  AH  these  requirements  may  Influence  to 
sorse  extent  both  the  choice  of  the  elements  and  the  construction  of 
the  circuit. 

Each  stage  in  the  synthesis  has  its  own  specific  nature  end 
calls  for  different  steps*  While  the  last  state  -  wiring  -  is  a 
purely  manufacturing  process,  in  the  first  two  stages  the  correct 
choice  of  elements  is  determined  by  suitable  computation. 


''  From.  the  list  of  problems  discussed,  the  most  extensively  ~1 

developed  have  been  procedures  for  calculating  the  characteristics 
of  individual  elements,  including  electromagnetics  relays,  as  given 
in  the  'works  by  Y.I.  Kovalenkov,  B.  S.Sotakov,  M»  I.  Vitenberg,  V.  A. 

j  Govorkov  and  others,  Mach  experience  has  also  bean  accumulated  on 

*  [~ 
the  compilation  of  wiring  diagrams  and  on  wiring, 

The  synthesis  of  the  structure  of  networks  (the  specification 
of  tbs  operating  conditions  of  the  network,  the  choice  of  elements, 
the  determination  of  the  necessary*  number,  and  the  compilation  of  the 
most  economical  connection  diagram) ,  as  well  as  analysis  (the  dis¬ 
closure  of  the  operating  conditions  of  the  completed  network)  began 
to  be  theoretically  treated  only  during  the  last  ten  or  fifteen 
years.  Theoretical  methods  are  not  used  even  at  present,-  *na  new 
networks  are  built  in  analogy  with  existing  ones.  In  this  case  each 
step  of  transforming  the  network  should  be  accompanied  by  a  verifica¬ 
tion  of  its  operation,  and  this  complicates  the  problems  of 
synthesis  and  analysis  considerably.  It  must  be  added,  that  in  such 
an  9 intuitive 9  construction  sight  is  frequently  lost  of  the  cri¬ 
terion  of  necessity  and  sufficiency. 

There  are  several  methods  far  developing  the  structure, 
differing  in  their  procedures  and  sequence  of  operations,  as  well 
as  in  the  mathematical  formalism  used. 

In  the  present  book  we  shall  consider  some  of  the  scientific 
methods  for  structural  synthesis  of  radio  networks,  based  on  the 


^theory  of  relay-contact  networks,  and  we  shall  lean  mostly  on  I 

methods  that  can  be  recommended  far  engineer  in?;,  practice,  and  are 
aimed  at  creating  the  simplest  possible  networks. 

In  the  general  fora,  the  structural  synthesis  of  a  network  of 
any  device  or  center  reduces  to  the  following;  , 

J 

1}  Determine  the  operating  conditions  of  the  receiving  elements 
(incoming  external  actions)  and  actuating  circuits  (transmitted  by  the 
action  circuit)  from  the  specified 'conditions  of  the  operation  of 
the  network,  for  definite  elements. 

2)  Determine  the  number  and  character  of  memory  elements  (inter¬ 
mediate  relays),  which  must  be  Introduced  into  the  network  to  realise 
the  specified  conditions. 

3}  Find  the  operating  conditions  of  individual  intermediate 
elements  (action  circuits)  and  the  dependence  of  the  actuating 

circuits  on  the  receiving  and  intermediate  elements. 

4)  Make  up  several  versions  of  the  network  structure  and  choose 
the  most  applicable  one  by  comparison. 

In  some  cases  one  specifies  not  an  element,  but  a  set  of 
elements,  and  one  determines  during  the  synthesis  process  which  of 
these  are  befit  used  for  the  construction  of  a  network, 

Fjj.ially,  a  ease  my  occur  when  during  the  synthesis  process 
it  is  found  advantageous  to  change  the  specifications  or  to  change 
the  character  of  the  receiving  or  transmitted  action. 

If  the  circuit  must  perform  -  a  large  number  of  functions,  it  is 


*  advantageous  to  break  them  up  Into  individual  groups,  which  can  be  I 
performed  by  individual  centers  of  the  network.  Such  a  subdivision 
of  a  complicated  network  into  individual,  centers  makes  it 'possible  to 
reduce  the  problem  of  creating  a  complicated  network  to  that  of  de¬ 
signing  several  simpler  networks.  This  may  increase  somewhat  the 

:  '  t, 

number  of  elements  in  the  network,  but  it  simplifies  its  design. 

One  establishes  simultaneously  methods  of  connection  between  the 
individual  centers  (their  action  on  each  other),  and  also  methods  of 
external  action  on  the  network  produced  and  methods  of  having  the 
network  act  on  other  devices  and  instruments.  This  serves  as  a  basis 
for  formulating  the  operating  conditions  of  the  individual  centers 
of  the  network,  after  which  the  circuits  made  up  of  these  centers 
are  synthesised. 

Many  researchers  and  engineers  have  expended  consider¬ 

able  work  on  the  creation  of  scientific  methods  for  structural 
synthesis  of  relay  networks,  mainly  devoted  to  generalisation  and 
ordering  of  the  "intuitive"  methods  of  network  construction.  Thus, 
one  can  point  to  work  by  several  Austrian  and  German  electrical 
engineers,  dating  back  to  the  beginning  of  tbs  20th  century, (by 
E,  Edler,  M,  Bode,  and  others).  Somewhat  later,  in  the  20th, 
the  Soviet  scientists  M.  G.Tsimbaiistyy  /3/  and  A.  K. 

Kutti  /4/  have  developed  at  the  leniagrad  Experimental  Electro- 

I 

technical  Laboratory,  headed  by  Y.  .  Kovalenkov,  methods  that 
make  it  possible  to  bonstruct  a  relay  system  for  specified 


r  conditions.  However,  the  lack  of  mtheaatio.il  means  at  that  time 
hag  made  such  methods  cumbersome  and  these  have  therefore  not  found 
wide  application. 

It  became  possible  to  lay  the  ground  work  for  the  theory  of 
relay  circuits  only  after  one  of  the  branches  of  mathematical  logic  ^ 

.  j' 

—  algebraic  logic  /5,  6/  or  Boolean  algebra  (and  named  after  the 

British  mathematician  Boole)  —  has  been  applied  to  contact  networks. 

An  important  role  was  played  in  the  development  of  mathematical  logic 

by  the  Russian  scientists,  P.S.  Poretskly  and  I.  I.  She gal kin  and 

later  by  A.  N.  Kolmogorov,  A,,  A.  Markov,  JP.  5,  Novikov,  S.  V. 

lablonskiy,  S.  A,  Xaaovskaya  /7,  8/  end  others. 

(The  possibility  of  employing  algebraic  logic  for  relay  circuits 

was  first  indicated  by  the  Russian,  plsysicist  P.S.Ebrenfest  in  1910 

in  his  review  /9/  of  ths  book  by  L.  Kutyura  “Algebraic  Logic”  /5/.) 

an 

The  hypothesis  of  ths  possibility  of  creating ^Igebra  far  con¬ 
tact  networks  was  confirmed  in  an  unpublished  paper  "Algebra  of 
\ 

Relay  Circuits"  written  by  the  Soviet  physicist  V.  I.  Shestakov  in 
January  1935,  which  served  as  a  basis  for  his  dissertation  /10/, 

V.  1.  Shestakov  has  shown  that  a  contact  network  can  simulate 
functions  of  algebraic  logic,  and  the  truth  and  falseness  of  the 
predictions  are  simulated  by  closed  or  open  states  of  ths  circuit, 
while  disjunction  and  conjunction  of  the  judgements  ere  simulated 
respectively  by  parallel  and  series  connections  of  contact  circuits. 
Analogous  deductions  were  obtained  at  the  same  time  (1936  —  1938) 


fby  the  Japanese  Kskashiisa  /ll/  and  the  Aiesrican  C « E »  Shannon  /12  —  i 
15  /. 

Cte  tbs  basis  of  this  mathematics  1  formalism  and  the  generalisa¬ 
tion  of  tbs  experience  in  the  synthesis  and  analysis  of  relay  networks, 

.  It  A.  Gavrilov  laid  the  ground  work  for  the  theory  of  relay-contact 

-i  r 

‘networks  and  its  practical  application  in  several  papers,  published 
in  1945  —  1949,  as  well  as  in  his  monograph  flhf,  which  was  the 
first  book  in  the  world  devoted  to  this  problem. 

Recently  there  has  been  a  great  expansion  in  work  in  the  field 
of  lias  theory  of  relay  circuits,  and  its  application.  Following  the 
book  by  M. A. Gavrilov,  translated  into  Czech,  German,  Chinese,  and 
Polish,  several  papers  have  been  published  concerning  this  theory 
/l?  —  21/,  including  tbs  book  by  V.  S.  Roginskiy  and  A.  B.  Kharkevieh 
fit/  published  in  the  IBSEt  and  translated  into  Chinese.  Tim 

number  of  works  in  tin  field:  of  theory  of  contact  and  relay  cir¬ 
cuits  is  continuously  increasing  /22 /,  and  they  include  a  large  num¬ 
ber  of  Soviet  papers  (bibliographies  for  rsceat  years  are  published 
periodically  in  the  .journal  "Avtomatika  i  teleaskhsnika«  /Automation 
and  Remote  Control/  /23/.H  We  are  unable  to  discuss  all  ths  works, 
bat  we  shall  start  on  a  few  of  general  character  /24  —  75/. 

Tte  most  highly  developed  part  of  the  theory  is  the  theory  of 
contact  parallel-series  circuits,  where  there  exists  a  possibility 
of  mutual  single-valued  transition  from  a  circuit  to  a  formula, 
expressing  not  only  ths  action  of  this  circuit,  but  also  its  structure 


r  ■  By  suitable  algebreie  teansfk’ffiatloaa  of  formulas,  am  cm  ( 
obtain  different  versions  of  a  network,  iat&roonaect  ooataots,  re¬ 
distributed  oontaots  over  the  relays,  and  simplify  the  circuits,  on 
tbs  basis  of  the  condition  that  Individual  states  are  not  encountered 
.  during  the  process  of  operation  of  tbs  network*  One  can  ^ 

'  for  individual  parallel-series  networks, the  simplest  solutions 
regards 

the  number  of  contacts.  . 

.  In  the  general  torsi,  the  problem  of  finding  the  most  economical 
network  fens  not  yet  been  solved  theoretically  and  •  is  of  great 

interest  and  tremendous  difficulty* 

'  Less  developed  are  bridge  circuits,  which,  experience  has 
Shown,  are  .simpler  in  many  eases  for  the  same  conditions. 

In  many  works,  including  those  of  it  A.  Gavrilov  /16,  69/ ,  and 

jssthods  ■  , 

k.  M.  Brilayav  /70/,  are  given  for  separating  bridge  elements 

after  constructing  parallel-series  contact  networks.  M.  A.  Gavrilov 

/69/  has  formulated  the  conditions  for  the  possibility  of  separating 

a  bridge  element.  A  considerable  step  forward  in  the  transformation 

of  bridge  circuits  was  the  applicatl  on,  by  A.G,  hunts  /3G  —  32/, 

E.  I.  Aranovich  /71,  72/  and  M.  L.  Tsetlin  /61,  74/  of  matrices  far 

recording  the  structure  and  entice;  of  contact  networks.  .  A 

matrix  calculus  for  contact  networks  was  also  used  by  Bohn  and 

Sohissler  /75/,?iesoh  /4C*/,  Seshu  /76/,  and  a  few  others. 

In  bridge  contact  networks,  the  number  of  contacts  can  be 
reduced  by  introducing  valves,  while  the  methods  of  M.  A.  Gavrilov 


rand  A.  G.  bunts,  referred  to  above,  make  it  possible  to  determine  the  ' 
points  3a which  the  valves  should  be  connected,  M,  A.  Gavrilov  /? 7/ 
has  developed  the  theory  of  construction  of  so-called  rectifier  grids, 
which  made  it  possible  to  reduce  the  number  of  contacts  in  each  relay 
to  one  double -throw  contact.  Another  analytic  method  of  the  con-  f 

Y 

situation  of  bridge -type  (l,  k)~pole  network  was  proposed  in  1955 
by  u,  N.  Povarov  /41,  44/.  This  method,  called  the  “cascade  method 51 
uses  for  its  construction  the  separating  properties  of  contact 
pyramids  (trees). 

Finally,  notice  should  be  taken  that  in  recent  years  methods 
lave  appeared  of  constructing  contact  networks,  which  do  not  use  the 
formalism  of  algebraic  logic  directly,  although  the  theories  of 
contact  networks  have  been  used  in  their  development.  One  such  method 
is  that  of  the  indeterminate  functions,  developed  in  Csechoslovakia 
by  F.Svoboda  /59,  78/.  The  method  consists  of  selecting  successively 
elementary  circuits,  which  satisfy  the  conditions  of  conductivity 
from  the  outputs  to  the  input  and  to  other  centers.  This  includes 
also  the  graphical  method  developed  by  6.  N.  Povarov  /43/  for 
symmetrical  contact  (1,  k)-pole  networks,  and  a  graphic  method 
developed  by  tbs  author  /45  —  47/  and  detailed  in  the  present  book. 

Along  with  studying  the  general  properties  of  contact  net¬ 
works,  of  practical  interest  is  also  the  study  of  the  so-called 
ordered -type  networks.  These  networks  include  above  all  symmetrical 
and  functionally-se parable  networks,  which  have  been  considered  by 


fmany  authors,  including  Shannon  f±2  —  15/,  M,  A. Gavrilov  /16/ ,  and  ! 
G.  H.  Povarov  /4i,  43,  43,  79/.  Of  great  importance  fcr  communication 
devices  are  switching  networks,  which,  as  shown  by  A.  0.  Kharkevich 
/8G/,  represent  an  independent  group  of  ordered  contact  networks. 

One  of  the  shortcomings  of  modern  theory  of  relay-contact  net-  ( 
works  is  the  fact  that  it  is  applicable-,  xn  accordance  vi»»h  the 
terminology  of  Gs.  C.  Hoisil  /81,  83/  to  ideal  contacts,  which  change 
their  states  instantaneously.  In  practice,  during  the  txme  of  opera¬ 
tion  or  of  release  of  any  relay,  its  contacts  close  and  open  not 
simultaneously.  There  are  many  papers  devoted  to  a  study  of  this 
problem,  but  there  are  still  not  good  enough  engineering  methods  fear 
taking  into  account  the  non-simultaneity  of  operation  of  contacts  in 
the  synthesis  of  networks. 

Along  with  a  study  of  networks  with  contact —making  two-position 

relays,  works  have  also  appeared  devoted  to  networks  With  multi- 

position  element  contacts  (such  as  selector's).  V.  I.  Shestakov 

/&?//  showed  ssjearly  as  in  1946  that  one  can  apply  to  such 

networks  the  formalism  of  n-valued  calculus  of  propositions.  One 

can.  indicate  also  later  works  by  V.  M,.  Oatianu  /84/  and  V.  I. 

Shestakov  /85/,  pertaining  to  such  networks.  In  the  present  paper 
graphic 

we  give  a  method  of  constructing  networks  made  of  contacts  of 
fv 

multi-position  elements. 

Everything  mentioned  above  pertains  only  to  contact  networks. 
The  problem  of  synthesis  of  relay  networks,  i.e»,  the 


roetwarks  containing  the  windings  of  "the  relays,  and  also  resistancesT”! 
have  been  very  little  developed.  Individual  reflations  of  trans¬ 
formation  of  relay  networks  axe  found  in  the  papers  by  V.  I.  Shestakov 
/S6  —  8S/,  M,  A.  Gavrilov  /16/  and  many  otters  /IS,  63,  89,  90/, 

•f but  all  these  pertain  essentially  to  so-called  normal  networks, 

-t  •  i 

i.e.,  networks  in  which  the  contact  circuits  are  connected  to  one 
pole  of  the  battery  while  the  relay  windings  are  connected  to  the 
otter. 

Transformations  connected  with  introducing  of  sucking 
windings  into  relays,  have  been  developed  by  A.  H.  Yurasov  /64,  65// 
and  D.  I,  Shnsrevioh  /9X/.  The  author  has  considered  the  possibility 
of  transforming  such  networks^ in  class  IT/51  —  53/^  for  certain  cases 
of  ratios  of  the  relay  parameters.  T.  L.  Taystrova  (still  unpublished ) 
has  shewn  that  in  this  case  one  can  employ  for  the  transformation  of 
relay  networks  the  mathematical  formalism  of  l®gic  of  classes 
(multiple-valued  logic).  Further  development  of  the  theory  is 
necessary  in  this  direction,  so  as  to  create  a  general  theory  of 
transformations  (and  then  of  construction)  of  relay  networks  with 
parametric  relationships,  i.e.,  to  produce  a  mathematical  formalism 
for  the  transformation  of  relay  networks. 

It  is  also  necessary  to  study  the  use  of  such  elements  in 
relay  networks,  as  capacitors,  which  have  the  ability  to  store  energy 
/50/ . 

The  analytical  method  far  writing  down  the  structure  has  also 


aade  necessary  the  development  of  corresponding  methods  of  writing 
a  own  the  oo.Mitiaas.  The  best  asthod  of  recording  operating 
coalitions  of  multi-contact  relay  networks  sr©  the  so-called  eonn- 
6Ction  tables,  widely  used  by  M.  JLOavrile*  and  others.  The  autte 


has  formulated  conditions  of 


realizability  of  connect! 


tables  /IS,  49/,  while  V.  G.  Lazarev  /92  —  94/  obtained  estimates 
of  the  eantaua  number  of  intermediate  relays,  that  must 

be  introduced  in  order  for  the  table  to  become  realizable. 

4  somewhat  different  method  of  tabular  recording,  of  the  opera¬ 
ting  conditions  of  a  network  has  been  proposed  by  Huffman  /95,  9o/. 

K.  L,  Teetlin  proposed  the  use  cf  ar.tr ices  of  states  and  reactions 
/62/  far  writing  down  the  operating  conditions  of  multi-step  networks. 
Many  authors,  fca*  example,  V.  I.  Shestakov  /85,  ?7  99/ >  enu 

Or.  C.  MoisD.  /36/  and  others  employ  algebraic  methods  for  writing 
aown'  the  conditions.  Recently  V.  I.  Shestakov  proposed  for  this 
purpose  the  use  of  special  punched  cards  /10Qf ,  on  which  unique 

connection  tables  are  made  up. 

One  of  the  features  of  the  operating  conditions  for  relay 

i 

networks  is  that  a  certain  circuit  nay  be  laaifftreatly  closed  oi 
opea  in  certain  states  of  the  network.  In  particular,  this  per¬ 
tains  to  so-called  unused  states  /4 B/,  i»e*»  states  which  are 
not  encountered  during  tbs  process  of  operation  of  the  n@i»wor&. 
thore  exists  several  methods  of  taking  these  states  into  account. 

In.  particular,  M.  A.  Gavrilov  has  introduced  special  equivalences  • 


Pfcr  specified  sequences  of  rale®’  actions  in  the  network.  In  the  “1 
present  book  we  give  a  system,  developed  by  tbs  anther  A8>  49/ ,  for 
recording  such  states  in  tbs  connection  tables  and  in  the  formulas, 
as  well  as  methods  of  changing  over  from  conditions  to  networks  with 
,  allowance  for  indifferent  states.;,,  Certain  operations  of  three-valued 

i  I 

logic  are  used  here. 

It  should  be  noted  that  the  existing  methods  of  writing  the 
conditions  cannot  always  be  employed  as  yet.  In  particular,  certain 
networks  must  realise  such  a  number  of  sequences,  that  they  cannot 
be  written  down  in  practice  in  the  form  of  connection  tables. 

Thus,  for  example,  if  a  network  has  tea  inputs  and  ten  outputs  and 
actions  enter  through  the  inputs  in  any  sequence,  while  the  network 
must  give  out  the  actions  in  the  outputs  in  the  same  sequence  as 
they  are  received  in  the  inputs,  except  with  a  certain  delay,  it 
is  almost  impossible  to  write  down  these  conditions,  since  it  is 
necessary  to  construct  SO  !  different 

connection  tables  (this  example  was  borrowed  from  M.  1. Gavrilov). 

It  is  also  of  practical  interest  to  investigate  other  net¬ 
works  with  ordered  sequences  of  action  (in  analogy  with  ordered 
contact  networks).  Such  include,  for  example,  cyclic  /101,  102/, 
and  counting  /103,  104/. networks,  which  have  extensive  application 
in  control  networks.  In  the  general  case,  however,  control  net¬ 
works  are  not  networks  of  the  ordered  type,  and  not  much  atten¬ 
tion  will  therefore  be  paid  to  them  in  the  present  book*. 


In  analogy -with  single-step "networks,  one  can  speak  in  the  case 
of  muLtiple-sfap^networks,  apparently ,  of  unused  sequences  of  rs.;.ay 
operation  or  of  external  actions.  Share  exists  as  yet  no  general 
method  of  taking  such  sequences  into  account  in  the  synthesis  of  net¬ 
works,  and  everything  reduces  essentially,  to  the  disclosure  of  uncssea 


states. 

The:  task  in  the  synthesis  of  a  relay  network  consists  of  not 
merely  obtaining  a  network  corresponding' to  specified  working  con¬ 
ditions,  but  satisfying  in  addition  several  other  requirements,  let 

us  dwell  on  some  of  these  requirements. 

'  1.  The  production  of  networks  with  a  minimum  number  of  elements, 

particularly  if  it  is  considered  that  the  number  of  contact  springs 
on  each  relay  is  limited.  The  minimum  criteria  for  contact  networks 
have  not  yet  been  established,  and  therefore  it  is  necessary  in  the 
synthesis  of  networks  to  resort  to  a  comparison  of  versions.  How¬ 
ever,  certain  rscomiaendations  on  the  simplification  of  networks  do 

exist  and  are  given  in  tbs  present  book. 

2.  The  production  of  reliably-operating  networks.  Ibis  problem 
has  not  been  developed  at  all,  and  there  are  even  no  criteria  by 
which  to  judge  the  reliability  of  a  given  network.  -  Note  should  be 
taken  in  this  respect  of  the  paper  by  Shannon  and.  Moore  /105/  on 
the  construction  of  reliable  networks  from  less  reliable  elements. 

3,  The  construction  of  technological  networks,  i.e.,  art¬ 
works  with  only  one  type  of  relay  and  standard  wiring. 


^Satisfying  this  requirement  to  gome  extent  are  the  cyciia  networks 
considered  by  V.  I.  Ivanov  /101,  102/ , 

4..  Use  of  contactless  elements  in  relay  networks. 

A  feature  of  relay  networks  is  that  one  and  the  same  require¬ 
ment  and  one  and  the  game  set  of  conditions  can  be  realised,  by  a  , 

w  r 

large  number  of  networks.  Therefore  the*  choice  of  versions  becomes 
vary  difficult.  This  leads  to  the  tendency  of  mechanising  the  process 
of  constructing  and  analysing  networks.  Attempts  at  using  universal 
computers  for  this  purpose  were  not  crowned  with  success,  and  there¬ 
fore  the  scientific  thought  has  ,  been  devoted  to  the  creation 
of  specialised  machines.  .. 

Mention  should  be  made  here  of  logical  machines  developed  in 
1951  in  England  /106/  and  in  1954  in  Austria  /26,  27*  108/,  which 
made  it  possible  to  analyse  single-step  contact  networks.  The 
machine  of  Shannon  and  Moore  /107/,  developed  by  the  Bell  System 
(B.S.)  in  1953  ,  makes  it  possible  not  only  to  analyse  the  network, 
but  to  discover  excessive  elements  in  the  network.  In  1954, 
T.T.Tsukanov  /109/  produced  an  apparatus  which  makes  it  possible 
to  determine,  for  a  complicated  contact  network,  all  paths  between 
selected  terminal  a. 

In  1955  —  1957,  engineer  ?.  F,  Parkhomenko  /24,  110/ 

developed  at  the  Institute  of  Automation  and  Telemechanics, 

Academy  of  Sciences,  CSSR,  a  machine  for  the  analysis  of  the  operation 
/sequential/ 

of  multiple-step  relay  networks.  (This  machine  was  demonstrated  at 


1 


1 


I 

n^je  World’s  Fair  of  Brussels  in  1958  and  ws  awarded  the  highs et 
prias,.  together  with  a  machine  for  synthesis) . 

fhe  question,  of  automatization  of  the  synthesis  process •  for 
contact  and  relay  networks  has  remained  unsolved  for  a  long  time  * 

;  The  main  obstacle  to  the  creation  of  such  a  machine  was  the  absence.  ^ 
of  a  sufficiently-  good  regular  Method  for  network  synthesis. 

In  1955-1956,  engineer  F,  Svoboda  of  the  Institute  of  Mat be- 
satioal  Machinery  of  the  Czechoslovak.  Acad^ncr  of  Soiaaoes, 
constructed,  on  the  basis  of  a  combinatorial  method  for  the  con- 
str action  of  contact  networks  /57  —  59/  developed  by  him,  a  semi¬ 
automatic  machine  for  the  synthesis  of  single-step  contact  multxpole 
networks. 

At  the  end  of  1955  the  author,  in  the  Laboratory  on  the 
Development  of  Scientific  Problems  for  Wire  Communication,  Academy 
of  Sciences,  138SE,  proposed  on  the  basis  of  a  graphical  method  a 
machine  /2,  111/  for  the  synthesis  of  networks  of  contact  (l,  k)- 
pole  networks.  U  sample  of  the  machine,  developed  at  the  Labora¬ 
tory  for  Wire  Communication,  Academy  of  Sciences,  ISSft  and  produced 
by  the  machine  shop  of  the  Institute  of  Automation  and  Talsaechanics, 
Academy  of  Sciences,  03SR,  was  exhibited  at  the  World’s  Fail*  in 
Brussels  in  1958  and  was  awarded  the  highest  prize  together  wxtn 
the  machine  fetr  network  analysis.)  Latex  on  the  possibilities  of 
operation  of  this  machine  were  expanded  by  adding  devices  for 
introduction  of  tasks  in  the  form  of  witching  tables  and  for  auto- 


t  matic  choice  of  the  necessary  number  of  inter mediate  relays  and 
their  operating  sequence  /3JL2 /,  This  is  the  first  of  known  machines 
for  complete  automatization  of  the  process  of  construction  of  relay 
networks. 

In  conclusion,  it  oust  be  noted  that  the  theory  of  relay- 
contact  networks  is  finding  increasing  application  also  in  relay- 
action  networks  with  contactless  elements. 

In  a  book  published  under  the  editorship  of  5,  liken  /113/ , 
a  special  symbolism  Is  developed  which  can  be  called  a  unique  algebra 
of  electronic  switching  networks.  Analogous  methods  have  been  used 
also  by  many  authors  for  networks  with  contactless'  elements  /34,  39, 
44,  62,  114,  115,  and  others/,  However,  there  are  no  general  prac¬ 
tical  methods  for  the  creation  of  relay  networks  with  contactless 
elements. 

The  development  and  generalisation  of  the  research  being 
carried  on  at  the  present  time  should  lead  to  the  creation  of  a 
general  theory  of  construction  of  discrete-action  networks.  In 
ths  present  paper  we  touch  upon  only  individual  problems,  connected 
with  the  creation  of  relay  .control  networks,  as  applied. to  telephone 

devices. 

The  available  experience  of  application  of  theoretical  methods 
for  the  analysis  of  existing  control  circuits  far  manual 

and  automatic  telephony  and  far  synthesis  of  new  networks  shows 
that  these  methods  make  it  possible  to  obtain  networks  that  have 


10  to  30%  fever  elements  /IB,  134/. 
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BASIC  DEFINITIONS 

1,  RELAX  NETWCRKS  AND  THEIR  PARTS 

By  relay  network  is  meant  a  device  containing  a. certain  nuefcer 
of  electromagnetic  relays  and  two  or  more  position  elegants  (switches, 
pushbuttons,  double-throw  switches,  etc,),  and  performing  certain 
functions.  Each  relay  network  (Fig.  1}  is  connected  with  some  other 
devices  (including  other  relay  networks)  and  its  task  is  to  transform, 
in  accordance  with  a  given  program  (in  accordance  with  specified 
conditions)  certain  signals  received  fey  this  network  and  transmitted 
in  modified  form. 

Tbs  signals  can  be  introduced  into  the  relay  network  both 
through  electric  circuits,  in  the  form  of  changes  in  certain  elec¬ 
tric  parameters,  to  which  the  receiving  relay  responds,  or  with 
the  aid  cf  keys,  pushbuttons,  and  other  elements,  which  respond 
to  mechanical,  thermal ,  auditory,  and  other  external  factors.  These 
circuits  and  elements  will  henceforth  be  called  receiving.  The 
main  feature  of  receiving  elements  is  that  their  responding  or¬ 
gans  (windings  of  relays,  knobs  of  keys,  etc.)  receive  external 
signals  (relative  to  the  given  network),  and  all  that  enter  into  the 


^network  directly  are  their  actuating  organs  (contacts) .  ~~] 

A  rsl ay  network  produces  output  signals  as  a  rule  via 

electric . actuating  circuits,  but  the  circuit  may  contain  also  other 
actuating  elements  such  as  electromagnets,  tubas,  signalling  devices, 

.-  etc.  The  feature'  of  actuating  elements  is  that  only  their  reacting 

1  “  f- 

organs  enter  into  tbs  network.  - 

To  transform  the  signals  into  establishing  a  connection  between 
the  receiving  elements  and.  the  actuating  circuits,  the  network  may 
contain  intermediate  relays,  the  action  of  which  is  determined  by 
the  states  of  either  the  receiving  elements  or  the  Inter  used  lata  relays 
themselves.  In  some  cases  the  relay  network  may  include  resistances, 

•  rectifiers,  capacitors,  and  other  electrical  circuit  elements. 

It  should  be  noted  that  the  same  relay  may  serve  both  as  a 
receiving  and.  an  intermediate  relay.  The  same  can  bo  said  of  circuits! 
one  and  the  same  circuit  may  during  different  periods  of 'the 
network  operation  be  either  receiving  or  actuating. 

A  relay  network  may  be  broken  up  into  several  smaller  sub- 
rntworks  oi'  into  individual  circuits.  In  each  relay  network  one  can 
separate  out  a  contact  network,  i.e.,  a  multipole  network,  consisting 
of  only  contacts  of  receiving  elements  and  intermediate  relays. 
Depending  on  the  relative  connections  between  the  contact 
networks  end  the  relay  "Windings,  relay  networks  are  divided  into 
three  principal  groups?  normal  ones,  in  which  the  relay  windings 
in  the  actuating  elements  are  connected  to  the  same  pole  of  the 


/  fbattery,  while  the  contact  circuit4.s  connected  at  the  other  (Fig,  —j 
2a)  j  inverse,  in  which  the  windings  of  all  relays  and  actuating 
elements  are  connected  in  series  between  the  terminals  of 

the  battery,  while  the  contact  circuits  are  connected  to  the  windings 
(Fig.  2c),  and  missS. 

"i  '  i 

The  points  of  connection  of  the  individual  elements  otr  net-  * 

work  circuits  will  be  called  nodes,  while  nodes  to  which  external 
wires  (relative  to  the  given  network)  are  connected  will  be  called 
poles. 

•  A 

In  the  general  ease, a- relay  network  represents  a  multi-pole 
■  network.  However,  in  most  cases  the  entire  network  or  that  part  of 
it  connected  to  tbs  intermediate  relay  car,  be  considered  as  a  two- 
terminal  network,  in  which  the  poles  are  the  points  where  the 
current  source  is  connected. 


Each  network  mads  up  of  n  2-position  elements  (relays,  keys, 
etc.)  can  have 

L~2n  (1.1) 

different  states.  To  number  these  states  of  the  network  we  employ 

the  following  method.  To  each  element  in  ary  sequence  we  assign 

'  .  i  -  1 

a  number  i  (1  =  1,  2,  3,  n)  and  a^weight"  =  2  ,  l.a., 

u  ***  X 

1,  2,  4,  2  .  The  number  of  the  state  is  assumed  to  be 

the  sum  of  the  ’’weights”  of  those  relays,  which  operate  in  the 


!  given  state. 

Thus,  all  the  2n  states  will  have  maters  from  zer o  (not 
one  relay  operates)  to  2  (all  relays  operate).  Table  1  gives 
an  example  of  all  $  *  Restates  of  a  network  with  three  elaassnts  A, 
<  B,  an!  C  and  the  atusfoering  of  the  states  when  these  elements  are 
numbered  in  their  alphabetical  order,  . 

Table  X 
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1)  Elements,  2)  numbering  of  states,  3)  states  of  elements. 


3.  BffiJOUEL-SBtXS}  AND  ER2D5S  NBXWCB2S 
Depending  on  the  mutual  interconnection  of  individual  ele¬ 
ments  of  a  relay  network,  m  distinguish  between  two  classes  of 


networks. 


parallel-series  class  of  networks  (class  fO  includes  all 
networks  whose  elements  are  connected  to  each  other  either  in  series 
car  in  parallax.  For  ©sample,  the  networks  in  Fig.  3  belong  to  class 

If. 

Networks  of  the  class  of  .non-parallel- ser is s  networks  vclass 
fi),  contain  in  addition  to  series  in  parallel  connections,  also 
bridge  connections.  In  the  presence  of  bridge  connections  in  the 

network,  we  cannot  concerning  certain  elements  (the  bridge  elements) 

■  -  *  -•*, 

that  they  are  connected  in  series  or  in  parallel  relative  to  other 
elements. 

When  direct  current  is  connected  to  the  poles  of  the  network, 
the  current  flowing  through  each  of  the  elements  of  a  network  of 
class*"^  can.  be  in  only  one  direction.  In  class  H  networks,  on 
the  other  hand,  there  exists  for  the  case  of  bridge  elements  the 
possibility  of  current  flowing  la  two  opposite  directions,  depend¬ 
ing  on  the  stats  of  other  elements  in  the  network. 

An  example  of  a  network  of  class  H  is  shown  in 

Fig,  4a,  which  contains  the  bridge  element  e. 

Bridge  networks,  in  turn,  are  divided  into  planar,  i.e», 
those  which  can  be  drawn  on  a  plane  without  crossing  the  wires,  and 
non-planar,  which  cannot  be  drawn  without  intersections.  An  ex¬ 
ample  of  a  non-planar  network,  is  shown  .in  Fig,  4fc. 


0.0 


t 


r  L.  COmCl'  NETWCEKS  ! 

relay  networks,  contact  networks  represent  multi-pole 
networks  and  inmost  practical  cases  are  oriented,  i*e.,  oil©  can 
separate  in  them  the  “inputs”  from  tbs  “outputs,"  and  the  network 
,  itself  can  be  represented  in  the  fora  of  a  (p,  k)-pole  network,  ,  ^ 

<  ■  »  l 

having  p  inputs  and  k  outputs  (Fig.  5) . 

In  such  a  multi-pole  network,  m  are  interested  essentially 
ixi  ths  circuits  between  the  inputs  and  the  outputs.  A  particular 
case  of  such  an  oriented,  multi-pole  network  is  a  (1,  k)-pole  network 
with  oise  input  and  k  outputs,  or  a  (k,  l)-pola  network  with  k  inputs 
and  one  output. 

Although  In  general  it  is  immaterial  which  of  the  poles  is 
an  input  and  which  Is  an  output,  we  shall  agree,  in  the  case  of  dc 
networks  (where  necessary  to  make  the  distinction),  to  consider  the 
inputs  the  terminals  of  the  network  connected  to  the  plus  of  the 
battery. 

If  it  is  impossible  to  produce  circuits  in  a  (p,  k)-pole 
network  between  any  of  its  inputs  (or  outputs),  such  a  network  is 
called  isolating  on  the  input  (output)  side. 

An  example  of  an  isolating  (1,  k)~pole  network  is  ths  con¬ 
tact  pyramid  (Fig.  6). 

The  number  of  different  contact  2-pole  networks  which  can  be 
made  up  of  the  contacts  of  n  relays  is 

(1.2) 

! 


: - 


i.e,,  when  a  =  2  there  are  16  circuits  {2-terminal  networks),  when 
a  =  3  «e  have  256,  whan  n  =  4  we  have  65,536,  etc. 

All  these  circuits  can  bs  joined  into  groups,  in  which  one  net¬ 
work  is  obtained  from  the  otter  either  by  changing  the  names  of  the 
relays,  or  by  changing  the  closing,  contacts  of  cm  relay  by  opening 

j- 

contacts  of  another,  and  vice  versa.  It  was  demonstrated  by  -Polya 
/116/  that  there  will  be  22.  such  groups  when  a  s  3,  402  groups  whan 
a  a  4,  etc* 

fetworks  of  one  group,  constructed  in  the  same  namsr,  will  be 

of  the  same  eompXesdty,  i.e. ,  have  the  same  number  of  contacts  on 

each  relay.  For  example,  the  networks  of  Figs.  7a 'and  b  belong  to 
. sines 

one  group,  the  network  of  7b  is  obtained  from  the  network  of 

7a  by  renaming  relays  B  and  B  and  by  replacing  the  contacts 

of  relays  A  end  C  by  their  opposites. 

Thus,  if  all  the  networks  cannot  be  covered  in  practice  when 

n  3,  by  breaking  them  up  into  groups  one  can  investigate  all  of 

them  separately  for  n  as  3  and  n  =  4,  aswa s  done  by  G.  N.  Povarov 

/41/,  and  by  Higgonet  ate,  Grea  /19/« 

Of  all  tbs  networks  that  can  be  produced  of  contacts  of  n 

relays,  we  shall  separate  the  one  consisting  of  a  series  oonnsc-e 
one 

tion  of ^contact  each  (normally  closed  or  normally  opened)  of  all 
relays.  There  will  be  2*1  such  circuits  and  each  of  these 
will  be  closed .only  in  one  definite  state  of  the  network.  In  other 
words,  to  each  of  the  2n  states  of  the  system  we  can  sat  in 

i 

s?.* 


correspondence  a  circuit  ■which  is  closed  only  in  that  state. 

Tbs  algebraic  expression  corresponding  to  this  circuit  is 
called,  the  constituent  (see  Chapter  4,  Section  3). 

•  5,  ORDERED  COUXACT  HETtfCRKS 
Of  practical  interest  is  the  study  of  individual  types  of 
ordered  networks,  which  are  characterized  by  some  feature  or  another. 
In  addition  to  the  pyramids  indicated  above,  there  exists  a  large 
number  of  different  ordered  contact  networks. 

Let  us  not®  some  of  them. 

1.  Symmetrical  networks,  i.®«,  those  in  which  the  circuit 

is  closed  when  4d«fiaite  number  of  any  s  relays  from  a  total  number 

of  »  operate.  The  numbers  s  are  called  tha  working  numbers  of  the 

in 

relay.  The  symmetrical  networks  have  been  studied,*  particular  by 
C. Shannon  /12  —  /15,  K  A.  Gavrilov  /16/,  and  G.  N.  Povarov  /43, 

44/ » 

In  connection  with  the  development  of  the  graphic  method  of 
construction  of  networks,  the  question  has been  raised  of  Investi¬ 
gating  tha  properties  of  partially-symmetrioal  networks  (see 
Chapter  7). 

2,  Switching  networks,  i.e.,  (p,  k)~pole  networks  that  are 
isolating  on  both  sides  and  have  that  property,  that  each  input 
can  bs  connected  with  apy  output  (fully  accessible  networks)  or 
with  a  specified  part  of  the  outputs  (not  filly  accessible  networks). 


'  Devoted  to  a  study  of  these  networks,  are  ,  in  particular,  the  I 

papers  by  A.  D.  Khar ke vie h  /80/  in  connection  with  creating  switching 
systems  for  automatic  telephone  stations. 

A  special  type  of  -  switching  network  is  a  (k,  k)-pole 
;•  network,  in  which  each  of  the  inputs  must  always  be  connected  with  , 

L  v 

one  and  only  one  of  the  outputs,  and  the  changes  in  switchings 
should  satisfy  specified  conditions.  Such  networks  are  used  in 
certain  computing  machines  and  in  particular  in  the  machine  for  the 
synthesis  of  contact  (1,  k) -pole  networks. 

3,  A  universal  network,  from  which  one  can  obtain  any  of  the 

Op. 

possible  2  networks  by  eliminating  (shorting  or  disconnecting 
from  the  circuit)  individual  contacts.  We  shall  meet  with  the 
construction  of  such  a  network  when  producing  a  tableau  fear  the 
machine  for  the  synthesis  of  (1,  k)-pole  networks  (see  Chapter  11). 

6.  ADMITTANCE  OF  CIRCUITS  IN  RELAX  NETVCRXS 

One  of  the  most  important  physical  parameters  of  electric 
Artworks  is  their-  impedance  or  the  reciprocal,  the  admittance. 

This  parameter  is  particularly  important  in  rainy  circuits,  in 
which  the  operation  of  the  relay  depends  essentially  on  the 
voltage  and  impedance  of  the  circuits  connected  to  the  relay.  We 
shall  agree  henceforth  to  speak  of  admittances  rather  than  im¬ 
pedances,  since  it  will  be  shown  that  it  is  mors  convenient  for 
algebraic  notation. 


r  fhe  admittance  of  any  electric  circuit  depends  on' the  ad  mitt-  ~j 
anoas  of  the  elements  contained  in  the  *UwOX  and  on  their  intar- 
eon&ection.  She  admittance  of  individual  eleeerte  are  determined 
by  their  physical  properties  and  can  be  either  constant  or  dependent, 

,  fat  example,  on  the  frequency,  on  the  applied  voltage ,  on.  t he  ^ 

.1  t 

'  temperature ,  or  other  extraneous  fact  era. 

In  relay  networks  we  usually  deal  with  direct  current,  aM 
therefore  we  shall  consider*  the  properties  of  tbs  fundamental  ele¬ 
ments  (contacts,  rectifiers,  and  windings)  used  3»  these  networks  under 

direct  current, 

'  As  is  well  known,  tbs  overall  admittance  X  of  a  circuit  con-  . 
slating  of, elements  A.  and  B  with  admittances  XA  and  %  in  parallel 
is  the  sum  of  these  admittances 


Vi,, V^  +  Yl1- 


(1,3a) 


and  in  the  case  of  a  series  connecting  they  are  determined  from 


the  following  formula 


4  ,  .-.-i-i 

K tfrj*'  (M  T  **  f  **  ?4  T y£ 


(1.3b) 


lo  g j  mnl  •?  fy  the  notation  we  shall  write  instead  of  the 
admittance  IA  of  the  element  A  merely  the  symbol  of  this  element, 
Is.  this  case  formulas  (X.3)  can  be  rewritten 

t'-M—  A  4*  B. 

f  ^  it® 

y  *4-  &~lfl  ' 


(1,4a) 

(1,4b) 


~] 


JL  . 

Ths  expression  A  +  B  in  Eq.  (1.4a)  can  be  considered  not 
merely  as  an  expression  for  the  calculation  of  the  overall  admittance 
of  the  parallel  admittances  A  and  B,  but  also  as  a  notation  for  the 
parallel  connection  of  the  elements  A  and  B.  Thus,  a  parallel 
connection  is  conveniently  denoted  'with  the  plus  symbol* 

For  a  series  connection  of  admittances,  we  do  not  have  in 

S«-f»eS 

general  such  a  simple  relation.  We  shall  agree  to  denote  a 
connection  of  elements  by  multiplication  sign,  i.e.,  we  shall  write 
formula  (l,4b)  in  the  form 


Ku>#>  * 


AP 
•l  +  fl 


or,  even  simpler, 


(1.4c ) . 


Thus,  the  expression  A  x  B  indicates,  on  the  one  hand,  that 
the  elements  A  and  B  are  connected  in  series,  and  on  the  other 
hand  that  ths.tr  combined  admittance  ie  calculated  from  formula 
(1.3b). , 

In  a  relay  network,  the  admittance  between  ary  two  ter¬ 
minals  is  determined  by  tbs  elements  that  ar®  included  in  the 
circuit  between  these  two  terminals  for  each  combination  of  the 


states  of  the  contacts.  Since  a  network  with  n  relays  can  have 
2°  such  combinations,  the  admittance  of  a  relay  circuit,  can  have 
up  to  2?  different  values,  and  the  change  in  this  quantity  can 
occur  only  in  jumps,  during  the  instants  when  the  states  of  the 


■  individual  relays  change 


Let  us  consider  now  the  changes  in  the  admittances  of  relay 
circuits  with  different  elements. 


i.  . at  .Saatftat,..gi£aaUia  , 

t 

The  ma.ic  element  of  a  relay  circuit  is  the  relay  contact,  which 
can  be  either  closed  or  opened.  The  admittance  of  a  contact  in  the 


closed  state  will  be  considered  to  be  infinite,  and  in  the  open 
state  to  be  aero,  i.e. , 


i  o  — 


(1.5) 


Xn  the  case  of  parallel  or  series  connection  of  tha  contacts 


having  tbs  extreme  values  of  admittance,  the  overall  admittance  can 
also  assume  only  these  two  values,  as  shown  in  Table  2. 

Table  2 


M  >) 


» 

n 

«*£*»»  !U*  ' 

Fa  +K, 

f  ffUlfV*’  »0*J*V 
f  «b>  ywu 

[  r*+n 

1 

0 

i  0 

0 

I 

0 

0  1 

!  as 

|  00 

i  o 

03  1 

1  G 

00 

i  0 

OS 

GO 

CO 

CO 

1)  Parallel  oomreotioa,  Ia  +  B,  a)  series  connoctlor,  I8  x  Sb. 


f  To  simplify  tbs  notation  antTfo r  convenience  in  changing  over  ~1 
to  algebraic  teansf ormat.i ons ,  m  shall  agree,  following  V.  I.  • 
Shestakov  /10,  06  —  08/  to  denote  an  infinite  edsdttance  not  by 
the  infinity  sign,  but  by  unity  (1).  '  On  the  other  hand,  the 

:  admittance  Ia  of  the  contact  a  of  relay  A  will  be  denoted  simply  by  ) 
*  a,  i,e.,  we  write  expression  (1.5)  in  the  form 

.  .  '  fo. 

‘  K  (1.6) 

In  order  not  to  confuse  this  reduced  admittance  with  the 
ordinary  concept  of  an  admittance  of  one.  mho,  we  shall  call  this 
a  structural  admittance. 

In  accordance  with  Table  2  and  with  the  values  from  expression 
(1.6) ,  we  can  find  the  following  relations  s 

a.)  Per  a  parallel  connection 

0  +  0-0;  0+1  =  !+0-*l;  I  + 

b)  Fees  a  series  connection 

0x0  =  0;  Ox 1  «=  5x0“  0;  1 X I  *=  1. 


These  relations  correspond  fully  to  the  relations  of  Boolean 
algebra  (tat  more  details  sec  Chapter  2).  Since  the  series  connec¬ 
tion  coincides  in  this  case  with  Boolean  multiplication,  these 
symbols  for  series  connection  will  be -denoted  with  the  usual 
multiplication  sign  (♦} 

The  structural  admittance  of  a  contact  network,  consisting 
of  contacts  of  a  relay®,  depends  on  the  state  of  the  contacts 

i 


p-  __  —  J 

’!  contained  in  this  circuit.  And  since  tfas  contacts  of  n  relays  can  | 
be  in  2a  different  aoMiiaatioae  (each  relay  either  operates  or  does 
not  operate},  and  the  contact  circuit  for  each  of  these  combinations 
can  be  either  closed  or  opened,  consequently,  the  structural  adsitt- 
-  ance  of  a  contact  circuit  depends,  cm  the  one  hand,  on  the  connection 
between  the  contacts  bhsmsclvo s  on  the  structure)  and  on  the 

ether  hand  cniha  states  of  tbs  relays  included  in  the  network.  Thus, 
for  amreple,  for  the  contact  network  shown  in  Fig.  3a,  the  dependence 
of  the  admittance  on  the  states  of  the  relays  is  shown  in  Table  3. 

Table  3 


A 


*f)  IS* 

Hi?  pm 
pm 
Hf 

pm 

He  pm 

vm 


c 

& 

s 

h*  f*a.  |  tit  pm, 

»  »  }  s  » 

p#‘.  »  * 

*  *  * 

i  ir  pm, 

»  &  » 


!  I 

mr 

I 
t 
i 
i 
0 
* 
t 


1}  Relay,  2)  admittance  of  the  circuit  3)  structural 
admittance,  4)  not  working,  5)  working. 

I 

'Sf 


Inasmuch  as  the  eda&ttanea  of  the  contact  Is  independent  of 
the  direction  of  the  currant,  the  admittance  of  the  contact  circuit 
is  independent  of  ■which  pole  is  considered  the  input  and  which  the 
output* 


In  relay  networks  one  Hakes  extensive  use  of  rectifier  elements 
— »  samioondiiotcir  •  (ouprox,  germanium,  sslinitua,  etc.)  diodes,  having 

a  large  admittance  X'  (low  resistance,  on  the  order  of  several  times 

currents  'in  , 

10  ohms)  fox'*  one  direction  and  low  admittance  X!!  (large  resistance, 

A 

on  the  order  of  tens  of  thousands  ohms  and  more)  for  currents  in  the 
opposite  direction. 

Although  the  admittances  of  rectifier  elements  are  finite, 
nevertheless,  considering  their  action  in  relay  networks,  we  can 
assume  that  the  structural  admittance  of  a  rectifier  element,  de¬ 
pending  on  the,  direction  of  the  current,  assumes  the  values  If  si 
and  Y«s  0. 

In  other  words,  the  admittance  of  a  rectifier  element  is 
oriented,  i,e.,  it  depends  on  the  current  in  it. 

For  the  rectifier  X,  conducting  from,  pole  1  to  pole  2  (Pig. 

&),  we  obtains 

Fi.«r, 

V  ai  y*9 

or,  going  to  structm;al  admittances 


A  circuit  vihich  A-  rectifier  elements  can  also  bavs  an  oriented 
admittance.  Thus,  for  the  circuit  of  Fig.  9a,  tbs  admittance  will 
have  the  values  shown  in  Table  4.  '  . 

Table  4 


1)  Relay,  2)  diagram  Fig.  9a,  3}  admittance,  4)  structural 

admittance.  - 

*  To  simplify  the  notation  we  denote  non-working  relays  with 

minus  and  working  ones  with  plus. 


Relay  'windings  and  other  active  resistances  have'  aon-oriented 
finite  -  admittance  G,  i.e.,  one  satisfying  the  inequality 

0<G<oo.  (l.g) 

The  admittance  of  a  circuit  which  contains  contacts  and  \ 

elements  of  finite  admittance  can  have  both  the  extreme  values 

zero  and  infinity,  aa  well  as  finite  values.  Thus,  far  example, 

Table  4  lists  values  of  the  admittance  for  the  circuit  of  Fig. 

*  •»  * 

9b.  The  presence  of  rectifier  elements  in  such  a  circuit  makes  the 
admittance  oriented  .in  this  case,  as  shown  3ns  this  table  (the  admitt¬ 
ance  of  the  rectifiers  is  taken  to  be  c orr© spondingly  sere  or  in¬ 
finity)  for  tbs  network  of  Fig,  9c.  The  pro¬ 

perties  of  the  active  resistances  in  relay  networks  will  be  con¬ 
sidered  in  greater  detail  in  Chapter  8. 

7.  Sim.-E-STEP  AND  MULTIPLE-STEP  NETWORKS 

their 

Depending  on  the  character  of  action,  relay  .networks  can 
be  either  single* step  or  multiple- step  /sequential/. 

Single -step  networks  are  those  in  which  the  state  of  the 
actuating  circuits  is  determined  by  the  state  of  the  signals  at 
each  given  instent.  In  such  circuits  there  is  no  provision  for 
a  sequential  action  on  the  part  of  individual  elements  in  time , 
with  the  exception  of  those  sequences  which  can  arise  in  the 
network  during  the  instants  of  operation  or  of  the  relays 


1 


r either  due  to  a  spread  In  their  ttes  parameters  (in  simultaneous 
operation  of  several  relays),  or  tire  to  non-  simultaneous  closing 
and  opening  of  the  individual  contacts. 


If  vsldenote  by  *  a  « 

‘  V  "  ' 

by  2^)  **•*  ap  (Sf^ 


the  states  of  the  receiving 
©tats©  of  the  actuating  cir¬ 


cuits,  then  in  a  elagLe-step  network  the  states  of  at jy  actuating 

circuit  a,  are  a  function  of  the  states  of  the  receiving  elements 
*&* 


only,  i.e., 


Zi  =  jt{x |>  *«•  •  •  •  >  **)• 


(1.9} 


h 


In  multiple-step  networks,  the  states  of  the  actuating  cir¬ 
cuits  dap&nd  not  only  on  the  states  of  the  external  signals  at  a 
given  instant,  but  also  on  the  sequences  of  these  signals,  i.e., 

ft.  i  ** h$x >•  &tt  e ,  *  P  x^o  11.10} 

where  pt  _  x  is  the  stats  of  the  network  (intermediate  elements} 
during  the  instant  preceding  the  given  signal* 

Since  In  a  multiple -step  network  the  sequence  or  sequences 
of  signals  is  of  prim  importance,  «n»h  a  network  must  contain 
memory  devices  in  the  form,  for  example  of  intermediate  relays. 

During  the  process  of  operation  of  a  multiple-step  network, 
its  elements  change  their . states  both  as  a  result  of  external 
signals,  and  as  a  result  of  internal  interactions.  2hs  sequential 
combinations  of  the  states  of  tbs  elements  of  the  network,  diff¬ 
ering  inthe  ©tete  cf  at  least  a  single  element,  will  be  called 


steps. 


I  Tbs  period  of  operation  of  a  network,  during  which  all  the  ~~| 

elements  return  to  the  state  assumed  to  be  the  initial  state,  will 
be  called  the  cycle  of  the  operation  of  the  network.  Depending  on 
tbs  conditions  of  tbs  external  signals,  networks  can  bs  designed  for 

a  single  definite  cycle,  but  in  practice  am  encounters  as  a 

t  'r 

rule  networks  with  several  different  operating  cycles,  depending  on 

the  sequence  of  receipt  of  external  signals. 

Since  the  change  in.  the  state  of  the  elements  of  the  network 
depends  both  on  the  change  in  the  external  signals  and  on  the  internal 
interactions,  we  shall  distinguish  two  types  of  steps  during  the 
process  of  operation  of  a  moltijpie-step  network  /18/t 

1}  Steps  in  which  the  change  in  the  state  of  the  elements 
upon  going  to  the  next  step  is  due  to  changes  in  the  external  sig¬ 
nals.  It  is  deer  that  the  duration  of  such  a  step  is  independent 
of  the  parameters  of  the  network  itself  cot  of  its  elements.  Such 
steps  will  be  called  stable. 

2)  Steps  in  which  local  circuits  are  .produced,  due  to  the 
operation  or  drop-out  of  a  certain  relay  from  this .  network.  The 

duration  of  such  a  step. is  determined  only  by  the  operating  time 

.  -  % 

or  the  release  time  of  the  corresponding  relay.  Such.  steps  will 
bs  called  unstable. 

The  operating  period  of  a  network  between  two  changes  in 
external  signals  will  be  called  a  stage  in  the  operation  of  the 
network.  A  stage  may  consist  of  one  or  several  steps. 


Tbs  control  networks  me&  in  eommmlcation  devices  are  as  a  I 
rule  multiple-step  networks  with  several  operating  cycles*  Single - 
step  artworks  are  encountered  only  as  individual  units  in  multiple- 
step  networks*  Therefore  principal  attention  will  be  paid  to  multiple- 
step  networks*  ^ 

f- 

Along  with  a  general  study  of  multiple-step  networks,  prac¬ 
tical  interest  attaches  also  to  aultiple-step  networks  of  ordered 
type ,  in  which  tbs  sequence  of  action  of  tbs  relays  obeys  a  certain 
prescribed  law.  Such  multiple -step  networks  include  above  all  net¬ 
works  with  a  single  receiving  element.  In  these  networks,  particular 
interest  are  cyclic  networks  /102,  103/,  which  includes  counters, 
distributers,  and  other  devices. 

Another  important  group  of  ordered  networks  are  the  so-called 
autonomous  networks,  which  operate  without  external  signals.  These 
include,  in  particular,  pulse  networks  (pulse  generators).  A  sepa¬ 
rate  group  is  cm da  up  of  clamping  networks, 

|  |  ReceiTing  Elements 

Intermediate 
relays 


Fig.  !• 

.  f 


Chapter  2 

NOTATION  mi  THE  STRICTURE  AND  QPSUTim  CONDITIONS  OF 

A  HELflE  mnm  K 

1.  NOTATION  KB  THE  smOCTCRE  OF  BM  NETWORKS 

As  already  indicated,  by  structure  of  a  relay  network  is 

osaat its  composition  (the  elements  contained  in  it),  the  mutual 

placeman!  of  the  elements,  and  the  connections  between  them. 

One  of  the  most  widely  used  methods  of  notation  fox*  tbs 

structure  of  the  network  is  graphic  notation  in  the  fora  of  principal 

or-  wiring  diagrams,  i&whlcfc  separate  elements  •  of  the  network  are 

represented  by  arbitrary  symbols,  and  the  characteristics  of  these 

element®  are  denoted  with  numbers,  words,  or  some  other  arbitrary 

symbols.  Thera  exist  many  different  ways  of  graphic  representation 

'of  networks,  but  we  shall  not  deal  with  them  here. 

In  some  cases  it  is  convenient  to  designate  the  elements  of 

a  relay  network  with  letters.  It  is  most  customary  to  denote 

relay  windings  with  capital  letters  (A;  f3  ,  Xi,  Xg)  and  the  eon™  . 

tacts  with  corresponding  lower-case  letters  (a,  b  .  x,  ,  Xj,  ».») 

/break/1} 

and  opening  .  (normally-closed )  contacts  are  distinguished  from 

f\ 


^closing  (bmnally-oparO^ontacts. with  a  superior  bar  U.e.,  *»  h  » 
x  If  the  relay  has  several  windings  which  rsust  be  dis~ 

tinguished  from  each  other,  we  number  (the  order  of  numbering  is 


immaterial)  these  windings  and  agree  to  writs  tbs  number  in  the  form 


of  a.  superscript  (i.e. ,  A  ,  i  >  •**♦) 


Xtx  o&s$8  vtexi  *fcte  jU&3ivis3u&l 


windings  are  so  connected  that  their  action  may  nancel  each  otter 
e  distinguish 

(opposing  windings),  we  shall  agree  to  A-  the  windings,  in  whic 


the  currant  flows  fro®  the'  end  of  the  winding  to  the  start  of  the 
winding,  by  an  arrow  above  the  letter  (for  example  A  and  A,  or 
A1  ate  A^} .  We  can  introduce  symbols  also  fear  otter  elements. 


j- 


If  we  now  denote  by  the  addition  sign  (4  )'«  parallel 

,  si '  <  •. 

connection  of  network  elements  ate  by  tte  multiplication  sign  a 
series  connection,  then  tte  structure  of  any  network  of  class  Tf 
can  be  uniquely  recorded  in  tte  form  of  an  algebraic  expression 


or  a  structural  formula. 

Thus,  the  networks  of  Fig.  10  can  be  represented  by  the 

following  structural  formulas: 

itj  ['  *  u  ( 6A  I-  fifi)  -f"  uoA  B  *f~  6X‘, 
y  F  ss(M  +  oBK(«  +  S)A  +  SB)  +  fiX; 
cj  F  j»  (6,4  SB  -j-  <<{-41  +  o){  fiX; 
y  F  =  (u  +  flA£){.4  +  6dfi)-f  fiX. 


If  is,  however,  impossible  to  write  down  a  network  of 
class  H  by  means  of  a  steuctural  formula,  for  in  these  networks 
there  exist  elements  of  which  one  cannot  say  whether  they  are 


I 

! 


r  connected  la  parallel  or  la  aeries,  i.e. ,  one  cannot  use  the  sign  o£_ 
addition  or  multiplication. 

The  most  convenient  form  for  writing  down  the  structure  of 
.networks  of  class  H  are  the  so-called  structural  matrices  (or  mat¬ 
rices  of  direct  admittances,  as  they  are  sometimes  called). 

To  ms-.Vfl  up  the  structural  matrix  we  number  the  nodes 

of  the  network  in  any  sequence.  It  is  not .essential  hers  to  number 
the  nodes  that  enter  into  some  circuits  of  class  it  ,  but  all  the 
poles  must  be  numbered.  One  then  constructs  a  quadratic  matrix  with 
number  of  rows  and  columns  equal  to  the  number  of  numbered  nodes  of 
the  network,  and  at  the  intersection  of  the  i-th  row  and  the  j-th 
column  one  writes  down  the  symbol  for  the  circuit  from  the  node  with 
number  i  to  the  node  with  number  j,  not  passing  through  any  other 
numbered  nodes.  Then  the  circuit  will  be  called  the  direct  circuit 
|  between  the  nodes  i  and  j  . 

|  Thus,  the  strtatural  matrix  with  q  .nodes  will  have  the  form 

|  f«  ?!2  *  *  «  ¥i<? 
fa  9a  ♦  *  « 

|  . . 

[_¥»■*«*•  •  -9<t 

If  there  is  no  circuit  passing  through  other  nodes  between  the 
nodes  i  and  j,  one  writes  in  the  corresponding  sell  =  p'jj.  =  0 
(null),  corresponding  to  an  open  circuit  (aero  admittance). 

If,  however,  two  nodes  i  and  j  are  connected  directly,  then 
we  assume  ^  s  1  (infinite  admittance).  It  is  obvious 

that  for  any  node  =  1. 

« 

Thus,  the  structural  matrix  of  a  network  will  be  square,  with 


Fufaits  along  the  principal  diagonal. 


|~1  fyi  *  -  ’  *?»*? j 

1  t  r  •  *  <H* 


-rj  LW  ■  *  *  l~* 
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L 

*  1 

If  tbs  network  contains  no  rectifier®,  then  ^ 

structural  matrix  will  be  symmetrical  with  respect  to  tbs  principal 
diagonal*  la  this  case  the  number  of  the  elements  in  the  network  will 
be  equal  tm  number  of  elements  in  t fas  matrix*  located  on  one  side 
of  this  diagonal, 

Cfce  can  write  analogously  the  structure  of  a  relay  network. 

Since  iii  relsy  network  where  the  relays  have  several  windings  each  it 
Is  important  to  know  the  direction  of  tbs  current  in  the  individual 
w3rs3i ngs,  ws  agree to  write  down  the  symbol,  of  a  winding  in  tbs  corres¬ 
ponding  cell  without  an  arrow,  if  the  start  of  the  winding  is 
connected  to  the  node  from  which  the  circuit  is  traced,  and  we  shall 

use  the  gams  symbol  with,  an  arrow,  If  the  end  of  the  winding  is 

k 

connected  to  the  sa ms  node,  1.®.,  if  ®  winding  A  is  connected  to  the 


nodes  numbered 


Of,  and  ,  and  the  start  of  the  winding  is  connected 


to  the  node  <i. ,  then 


- 


tfs  acts  that  by  adding  supplementary  nodes  in 

circuits  of.  class  IT*  ,  the  fora  of  the  rnstr ix  is  changed,  Eoy— 
ever,  sines '  these  ■  aatrloea  represent  one  and  the  ease  network, 
m  shall  call  the*  equal.  Thus,  for  example,  if  m  introduce  in  the 
network  of  Fig.  12a  additional  nodes  5  and  6,  we  obtain  the  f?12.0U**j 
matrix,  • 

*{  0  0  «  G  0 

0  i  «  v  0  0 

#  i  0  X1  5 

if  K  0  I  0  A'*  j 

«  G  X*  0  i  0 

Lo  0  <5  X*  0  i 


<StvJ 


To  designate  networks  of  class  H,  we  can  use  also  other  methods, 
for  example  the  use  of  symbols  for  multiple-pole  parallel  or  series 

connection  /L6/,  cr  characteristic  functions  /31/. 

i 

2,  NOTATION  FCE  SHiUGTTJUX.  HSTWCRJ©  WITH  RECTIFIERS 
In  the  ja*esenae  of  rectifiers  in  a  relay  network,  with  admitt¬ 
ances  that  depend  on  the  direction  of  the  current  and  which  can  be 
assumed,  in  view  of  their  low  value  compared  with  the  admittances  of 
•  the  relay  windings,  to  be  considered  .  aero  when  the  rectifier 

is  Bout  off!l  and  unity  when  the  rectifier  "conducts, M  it  is  also  Very 
convenient  to  use  the  matrix  notation,  since  sash  element  of  the 
matrix  determines  the  admittance  i^pna  direction.  If  a  :  rsc~  , 
tifier  is  included  in  the  circuit  between  nodes  ot  and  f*  ,  then  the 
structural  admittance  from  (&  to  will  not  be  equal  to  the  admitt¬ 
ance  fr®m  p  to  ,  as  can  be  seen,  for  example,  from  Table  5.  ■ 

1  Table  5 


__  '■T'V  «. 


t 


As  a  result,  the  structural  matrix  for  a  network  ■with  rectifiers 
will  be  asymmetrical  with  respect  to  the  principal  diagonal.  Thus, 
the  matrix  for  the  network  of  Fig,  12  will  be 


To  ■ .  designate  the  network  in  the  fora  of  structural  for¬ 
mulas,  the  rectifiers  must  be  assigned  some  sort  of  symbol,  (M»  A. 
Gavrilov  /l6 /  uses  the  symbol  ) . 


3.  mm ON  F£E  THE  0B5EATI®  GOHDITIOJB  OF  COOTACT  NEWCRKS 
Is  formulating  the  operating  conditions  of  individual  contact 
circuits,  one  usually  says  that  a  given  circuit  should  be  or  can  b® 
closed  at  definite  states*  of  the  relays.  The  particular  case  when 
[  this  circuit  acts  as a  eom  relay  or  sos©  other  device,  one  can  say 
whether  this  relay  operates  or  does  not  operate  fcr 

given  states  of  the  circuit  elements. 


1st  us  consider,  for  example,  a  control  network  with  three 
objects,  in.  which  a  signal  W  must  appear  if  simultansouaiy  not  less 
than  two  control  relays,  A,  B,  or  C,  operate.  Thus,  the  conditions  fcr 
the  appearance  of  the  signal  W  can  be  formulated  in  the  following 
manner.  The  circuit  of  tbs  signal  should  be  closed  whan  relays  A 
and  B  operate  but  relay  G  dees  not,  or  when  relays  A  and  G  operate 
but  relay  B  does  not,  or  whan  relays  B  and  G  operate  and  relay  A  does 
not,  or  finally,  when  all  three  relays  operate. 


Table  6 


1)  States  of  the  relays,  2) .circuits,  3)  number  of  state. 


SX' 


* 


j  '^acii m"om  ene omter ?T fraq ’ case? when  it  is  immaterial 

|  m&8T  certain  states  of  tbs  relays  of  the  network  whether  a  given  cir¬ 
cuit  is  opened  or  closed,  Abler  these  conditions,  in  verbal  formula- 
‘tions,  one  uses the  words  “ean  be  closed"  or  "can  operate."  In  parti¬ 
cular,  in  such  "indifferent*  states  nay.  be  included  those  c ordinations 
of  states  of  the  network,  which  are  not  encountered  during  its  opera¬ 
ting  process,  l.e.,  so-called  unused  states  A8»  4#/* 

v®  specify  for  example,  that  in.  the  preceding  case  the 

| 

signal  relay  E  should  operate  when  relays  A  and  C  operate  but  relay 
B  does  not,  or  when  relay  B  operates  and  relays  4  and  C  do  not,  or 
caa  operate  when  all  three  relays  operate,  or  when  relays  A  and  B 
operate  but  reloy  C  does  r*ot« 

These  states  of  the  system,  at  which  the  given  circuit  must  be  i 
closed,  we  shall,  call  obligatory,  while  those  at  which  it  can  be 

closed  will  be  called  conditional. 

The  operating  conditions  can  also  be  written  in  the  form  of  a 
table  of  correspondence,  in  which  for  each  combination  of  states  of 
the  circuit  elements  there  are  indicated  the  required  states  of  the 
individual  circuits. 

We  shall  agree  to  make  up  a  table  of  correspondence  as  shown 
for  our  particular  example  in  Table  6,  where  the  non-working  states 
of  the  relay  are  noted  by  minus  sighs,  and  the  working  ones  by  plus 
|  gxgft&u  As  to  *tfa©  circuits  y  &h&3JL  d© sign&’tc  by  u&l/fcy  states  Aft 
j  vhioh  *tb8  cl^cul't  must-  bo  clogod*  by  zqtq  the  gtetos  ixx  tiifaloh  ^^^ 


vT  7 


\ 


they  must  be  opened,  and  by  a  tilde  (  ^  )  tbs  indifferent  states*  j 
If  m  now  number  all  the  states  of  the  network  (see  Chapter  1,  | 

Section  2) ,  than  each  circuit  can  'be  ■written  in  the  fcxra  of  an  assembly! 
of  numbers  of  those  states,  in  which  the  circuits  should  be  or  can  be 

I 

closed. 

If  in  Table  6  relay  A  is  assigned  a  weight  1,  relay  B  a  weight 
{ 2,  and  -relay  C.  a  weight  &>  we  obtain  the  numbers  as  indicated  in  the 
|  same  table  . 

We  shall  agree  to  write  down  the  assemblies  for  each  circuit ►in 
curly  brackets,  :and  include  the  number-s  corresponding  to  the  con¬ 
ditional  states/  in':  round  parentheses.  Far  the  preceding  example 

ws  obtain  the  following  assemblies s 

6.7j;  ^2,5, <3.  7)}.  (2.2ft) 

Inasmuch  as  the  numbers  of  the  states  depend  on  the  weights 
assigned  to  the  relays  in  the  network,  in  those  cases  when  it  is 
necessary  to  do  ,  so,  we  shall  designate  by  means  of  an  index  for  the 
curly  brackets  the  relays  included  in  the  network  in  order  of 

decreasing  weights. 

Thus,  3qs.  (2.2a)  are  written  in  the  form  (operations  with 
such  assemblies  will  be  discussed  -in  detail  in  Chapter  6). 

/ 1=3  ji 

fz^{2,  5.  (3.  7)}osa- 


-  <S~#' 


(2,2b) 


Rvasbers  corresponding  to  obligatory  states  we  shall  call 
obligatory,  and  numbers  corresponding  to  conditional  states  will  be 
called  conditional. 

In  the  general  fora,  when  there  are  r  obligatory  states  and  s 


conditional  states  we  obtain 

f  v  <?»•**  —  •  ih>l*  ■*  \N' (A*)}*.  *  (2.3) 

where*  ^  *  —  masker  of  obligatory  state sj 
N  —assembly of  obligatory  numbers} 

^  —  number  of  conditional  states} 

M  —  assembly  of  conditional  numbers? 

B  —  base. 

Finally,  tbs  operating  conditions  of  the  network  can  also  be 
written  in  the  for a  of  algebraic  formulas. 

In  formulating  the  operating  conditions  of  any  circuit,  we 
usually  use  the  con  junctions  wand’!  and  ,!cr.(!  Thus,  for  example,  if 
the  circuit  of  relay  X  must  be  closed,  when  relays  A  and  C 
operate,  it  is  easy  to  verify  that  the  closing  {normally  opened ) 

I  contacts  of  relays  A  and  3  (Fig,  13a)  must  be  connected  in  series 
I  in  the  circuit  of  relay  X,  To  the  contrary,  tbs  condition  that  the 


mg.  i3 


6 


relay  X  must  operate  whoa  relays  A  or  ft  operate,  leads  to  a  parallel--] 
connection  of  the  same  contacts  (Fig,  13b).  Analogously,  if  M9  &a7 
that  tbs  circuit  must  be  closed  when  the  relay  does  not  operate,  this 
c  ire ’.lit  must  contain  an  opening  (normally  closed)  contact  of  the  relay. 

•  .  We  see  therefore  that  the  conjunction  ''and'8  corresponds  to  a  ( 

*  T~ 

I 

series  connection  of  contacts,  or,  in  the  symbolism  adopted  earlier, 
a  multiplication  sign  (.),  while  tha  conjunction  rtorH  corresponds  to 
a  parallel  connection,  i.e.,  to  tbs  sign  of  addition  {  +  )*  Such 
a  symbolism  corresponds  to  t be  symbolism  of  algebraic  logic  (see 
Chapter  A*  Section  1)« 

Using  the  symbolism.  employed  earlier  for  &&s~ 

igaating  tbs  ateixture  of  contact  networks*  we  can  write  down  alao 
the  action  of  Itidividual  circuits  of  the  network  in  the  form  of  for*" 
aulas,  which  give  the  dependence  of  this  circuit  on  the  states  of  the 
individual  contacts: 

fx  =  /  ft/*  a,  6.  ft, ,  n,  n).  (2.4) 

Thus,  for  relay  W  we  obtain  from  tbs  preceding  example  that  the 
operating  conditions  are  written  in  the  farm 

fvr  am  -f~  tf&f  4  4  </£& 

However,  to  write  down  the  circuit  Z  in  this  manner  is  no 

longer  possible,  since  its  operating  conditions  include  conditional 

states.  In  order  to  be  able  to  represent  conditional  states  in  the 

formula,  we  introduce  an  additional  symbol  which  indicates  that 

6 

one  can  take  any  of  the  expressions  standing  on  both  sides  of  the 


6.  Cet, 


bar.  (Tba  phjralcal  meaning  of  this'  syafool  and  operations  with  it. 
will  be  given  bslotf  In  Chapter 

Taking  this  symbolism  into  account,  the  operating  conditions  •»<* 
tbs  circuit  %  in  the  foregoing  will  be  «r.ittsa 

fgasGUH- t  ; 

ftiniij-  the  operating  conditions  o&a  be  written  in  **te»  gon»ral 
fora  as  follow as 


/-2*w  -f24! 


(2.5) 


vtere  and  k^.  are  the  constituents  of  the  obligatory  art  of 

/*  /  J  .  .  ,  ■.. 
tbs  conditional  stats s  with  respect  to  the  numbers  ^  &m  yt* j. 

la  some  oases,  particularly  far  n  >  4,  it  osy  h®  convenient, 
to  use  &  ^coordinate8  notation,  used  for 'example  by  0.  KlaettL  /20/ 
and  A.6voboda  /55  —  56/.  In  this  notation  ono  draws  a  rectangular 
gcH  vith  2°  cells,  eorras ponding  to  2®  constituents.  She  varlaules 
are  broken  qp  into  two  groups  (when  a  ia  even  —  the  groups  are 
equal) .  and  ths  combinations  of  the  variables  in  each  group  for® 
the  ^coordinates*  of  ths  rows  and  ths  columns,  and  each  con¬ 
stituent  is  determined  by  the  product  of  these  *cocrdinauas.‘! 

Tiis  presence  ox*  absence  of  constituents  in  the  formula  is  noteo 
by  placing  either  one  or  aero  in  the.  corresponding  cells  (0. 

ELeohl  used  the  symbols  infinity  and  aero,  while  A.  Svoboda  used 
la  80B»  cases  a  dot  instead  of  one  and  leaves  the  colls  correspond- 


4>  &  b 


1 


* 


ing  to  tbs  Biasing  constituents  empty),  Tba  cells  containing  eondi- 

O/V 

tionsl  constituents  are  marked  by  a  ^  or  cne-half  (Plochl  uses 

(V  * 

a  question  mark), 

Thus,  m  can  writs  down 


/»{ f ,?.» A 10.  J240.6. !  1 . 13,  l4.1S»)f 


?  0 

f  S* 

0n  | 

-V' 

1 

t 

0 

£  0 

j  t ) 

0 

~ 

-J 

i  0 

!  '5 

|  * 

i  * 

i  i 

5 

_ _ i 

. 

(2.6) 


If  we  new  assign  to  the  "coordinates"  weights  in  accordance 
with  trie  weights  assigned  to  the  individual  variables,  then  each 
cell  will  correspond  to  a  constituent  with  a  number  equal  to  the 
sum  of  the  weights  of  the  "coordinates."  It  is  most  con¬ 

venient  to  arrange  tbs  variables  in  such  a  way  that  the  "coordi¬ 
nates"  of  the  columns  are  0,  1,  2,  ...»  (2^  -  1)  while  those  of 
the  rows  are  0,2^,  2.2^,  3. i/,  (2°  “  1  -  1). 2^  where  jf  is  the 
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masher  of  columns  used  in  the  wcoc«jdinates.B  -  - 

For .  example  (2,6)  we  obtain  the  following  numbering  for  the 

cells  (constituents) . 


In  the  coordinate  notation  .each  row  and  column  can  be  assigned  | 
latter  or  number  symbols  and  then  eaoh  constituent  (each  vertex; 
can  be  denoted  briefly  by  a  combination  of  these  symbols.  For  example, . 
if  we  number  the  rows  of  (2,6)  with  letters  and  the  columns  with 
numbers,  then  the  constituent  k-j_  aasivae s  a  designation  al,  constituent 
become s  o3 f  etc.  The  symbol  ael  will  correspond  to  the  sum  of 
two  ns Ighhorlng  constituents  k^  and  kg,  i.e.,  to  the  expr  e ssion  abc, 
while  b2.3  will  correspond  to  the  ®m  of  k  and  kq,  i.e,,  to  bod. 

Q 

Tte  symbol -bd  2,3  corresponds  to  the  sum  of  four  constituents  k£„ 

,k^,  and  k15,  i.e.,  to  be,  etc.  These  symbols  are  used  in  par-  j 
tieular  by  A.Svoboda  to  abbreviate  the  notation. 


r  Me  shall  call  the  designation  of  the  nacessary  and  possible  -j 
conditions  for  the  circuit  In  the  fora  (2.3),  («•-')>  (2»o)  or  bom 
other  fora,  the  general  solution  f car  this  circuit,  The  general  '~"iu' 


tion  contains  all  the  possible  versions  of  the  .particular  conditions 
or  particular'  solutions  of  circuit  a,  which  can  differ  in  the  presence  ^ 
or  absence  of  individual  conditional  terms,  but  which  satisfy  the 


specified  conditions.  It  is  easy  to  verify  that  in  the  presence  of 

8  conditional  constituents  k^  in  the  general  solution,  the  number 

/ 

*  V  4''  &  f  / 

of  different  partic^Xar  solutions  tf  133.  be  2  /  57/* 


Tba  operating  conditions  of  a' contact  q-terainal  network,  .fori 
5  circuits  %-j  between  all  nodes  (i  "  1»  2,  j  “  *•» 


. , .  q)^  can,  be  written  in  the 
matrix  of  total  admittances 


form  of  <&  oh20?^ot©ristxc  ix  or  0 


A4  a* 


P  f«  * 
M  - 


LW* 


j 


•  (2,7) 

It  must  be  noted  that  fee*  a  q-terminal  network  not  all  the 
admittances  fi;;  can  be  specified  arbitrarily,  since  several  cir¬ 
cuits  will  appear  between  the  poles  1  and  j  through  other  poles. 
As  shorn  by  A.G.  bunts  /31/,  in  order  for  a  a&trlx  M  to  be  a 
characteristic  matrix,  it  is  necessary  and  sufficient  to  hatfe 


i.e.,  that  the  squar lag  of  tbs  matrix  (in  ties  sense  of  Boole)  leads 
to  the  same  matrix. 

If  this  is  not  satisfied,  then  tbs  conditions  designated  by 

4  '  ,  '  '4  '  ,  | 

'  the'  a&trix  M  cannot  fee  realised  by  a  contact  network*  ' 

It  isngt  be  noted,  however,  that  la  moot  practical  oases  it  is 
necessary  to  specify  tbs  circuits  between  all  tbs  poles,  and  there— 
fore  the  mts  of  the  notation  fear  the  conditions  la  ths  fora,  of  sat- 
•  rices  is  very  Halted. 

a,  mmiQS  kr  the  omuaim  commxm  cop  multiple-step 
wool  is 

*  £  ,  * 

/sequential/’  .  -  .  . ,  , 

la  aultipis-s‘&ep/netu cr K.s ,  -j.~  *h©  primary  L^pcrt&aos  attaches 

to  the  sequence  of  ths  arrival  of  the  external  signals  and  of  the 
operation  of  tfco  actuating  circuits,  and  also  toe  instants  ssk  in 
•which  the  jUxter mediate  relays  operate  or  drop  out. 

In  ths  formulation  of  the  operating  conditions  of  the  network 
one  usually  says  that  the  closing  or  opening  of  a  certain 
circuit  or  ths  operation  or  drop-out  of  a  certain  relay  is  followed 
by  ths  operation  (  release  )  of  &  second  relay  or  %  ths  closing 
(opening)  of  some  actuating  circuit.  A  distinction  is  made  her© 
between  the  operation  of  the  receiving  elements,  which  are  operated 
by  external '  signals,  as&  the  operation  of  the  intermediate  relays, 
s  which  operate  as  a  rule  in  local  circuits. 


r  Thus,  for  example,  for  the  circuit  of  tte  binary  pulse  divider”! 
with  two  intermediate  relays  A  aad  B,  j  '  ;  .operated  by  the  con¬ 

tacts  of  the  receiving  pulsed  relay  P,  the  operating  conditions  are 
f cumulated  as  fellows?  when  pulse  relay  P  operates  for  the  first 
,  time,  relay  A  operates*  After  relay  ?  drops  out,  relay  B  operates.  _ 
iror lag  the  second  operation  of  the  relay  It,  relay  A  drops  out  and 
after  dropping  out  of  tfaa  relay  P,  relay  B  drops  out.  Tbs  operating 
cycle  of  the  network  terminates  and  the  network  returns  to  the 
initial  state »  The  actuating  circuit  X  should  be  closed  during  the 
second  pulse  and  can  be  closed  during  the  interval  between  the  first 
and  second  pulses. 

The  operating  sequence  of  a  multiple-step  network  oan  be 
represented  by  a  relay-operation  graph  (Fig.  14)  consisting  of 
several  stage??  of  tbs  xjstwork  operation,  separated  by  different 
external  signals  (in  this  case  instants  of  start  and  end  of  th© 
incoming  pulses). 

Tbs  graph,  hawser,  dpes  not  give  a  complete  picture  of  the 
Sataraetion  between  fchs  individual  network  elements  and  therefore 
the  most  convenient  fora  for  the  notation  of  the  operating  conditions 
of  a  multiple -step  network  is  the  so-called  connection  table,  con¬ 
sisting  of  steps,  l.e.,  periods  during  which  the  receiving  and 

intermediate  elements  (relays,  keys,  etc.)  of  the  network  do  not 

has 

change  their  states.  The  connection  &Jbta  far  each  element,  as  well 
as  for  each  actuating  circuit,  a  line  in  which  are  noted  the  states 


!  of  the  elements  and  the  circuits  during  each  step.  The  operating  J 
states  of  the  receiving  elements  which  respond  to  external  signals 
.  are  denoted  by  a  heavy  line.  In  the  lines  for  the  intermediate  relays 
those  steps  in  which  conditions  have  been  created  for  the  operation 
|  of  the  given  relay  (but  the  relay  has  not  yet  operated)  are  designate^ 

*  r 

by  an  arrow  (  ) j  steps  in  which  the  relay  operates  are  designated 

by  a  plus  (-f) ,  and  steps  during  which  conditions  are  created  fcsr 
its  release  (but  it  is  still  pulled  in)  are  designated  ^  ~H  ). 

For  the  actuating  circuits,  a  solid  line  designates  the  periods  when 
these  circuits  should  be  closed,  and  a  dotted  line  designates  when 
they  may  be  closed. 

The  connection  table  for  a  binary  pulse  divider  is  shown  in 
Fig,  15. 

Ths  changeover  from,  one  step  to  the  next  is  due  to  a  change  in 
the  stats  (operation  or  drop-out)  of  one  of  the  relays  of  the  circuit. 
This  change,  in  turn,  is  made  possible  either  by  a  change  in  the 
external  signals,  or  by  the  creation  of  corresponding  conditions  for 
the  intermediate  relays  inside  the  network.  In  the  farmer  case  the 
steps  will  be  stable,  i.e»,  their  duration  will  be  determined  by 
the  duration  of  the  external  signal,  which  can  be  arbitrary  and 
independent  of  the  given  network. 

In  the  second  case,  the  steps  will  be  unstable,  since  their 
duration  is  determined  by  the  operating  or  drop-out  time  of  the 
relays,  and  the  table  must  have  in  these  steps  Bitter  a  - — ^  sign 


i  or  a  minus  sign.  f 

Ml  these  steps  can  be  numbered,  for  example,  in  .tbs  order  of 
their  sequence.  It  is  more  convenient,  however,  to  use  here  the  same 
system  of  numbering  as  in  the  corrsspoadeaos  tables  (Chapter  1,  Seo~ 
,tion  2),  , 

\  '  f 

Fig.  15  shows  the  numbering  for  the  cases  when  the  relay  P  is 
assigned  a  weight  1,  relay  A  a  weight  2,  and  relay  B  a  weight  4,  In 
this  case  the  steps  numbered  0,  3,  6,  and  5  are  stable. 

Thsre  exists  also  other  methods  of  writing  down  connection 
tables.  Thus,  for  example.  Doctor  of  -  Technical  Sciences  M.  A.  Gavrilov 
/!&/  recocwsads  that  the  connection  tables  be  written  in  a  somewhat 
different  farm,  without  separation  into  receiving  and  intermediate 
elements,  as  shown  in  Fig.  6d. 

Table.  7 


[  -.Input'S  rx,jrtt  : 

\  m  m  .  w  ft 
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D.  /95P  %/  gives  another  tab'uXar  method  of  writing 

down  operating  conditions  of  multiple -stop  networks* 

la  his  table  fa s  places  on  to  terlaontal  lines  different  com- 

/  bJLaatioas  of  to  states  of  to  inputs  (receiving  elements),  to 
i  ■  '  .  / 

'  on  to  vertical  he  arranges  to  states  of  to  out, pats  (actuating 

circuits}.  It  to  intersection  are  placed  to  serial  numbers  of  to 

states  of  tbs  network,,  and  if  this  state  is  stable  the  number  is 

.closed,  in  &  circle.  A  change  in  to  states  of  to  inputs  leads  to  a 

'  change  in  to  number  of  to  state  along  to  horizontal  line.  If  this 

auriberia  not  encircled,  this  indicates  tot  to  circuit  should  change 

as  a  result  of  to  change  in  to  states  of  to  intermediate  relays, 

along  to  vertical  into  a  stable  state  with  to  same  number. 

Table  7  1»  compiled  by  to  Huffman  method,  starting  with  to 

following  conditions. 

la  to  initial  state  of  to  network,  not  one  of  to  two  re¬ 
ceiving  relays  %  to  x2  operate,  'ton  one  of  these  relays  operates, 
to  corresponding  actuating  circuit  is'  clos'd  and  to-  state  of  to 
actuating  relays  should  remain  the  same  until  a  state  ie  produced 
in  which  only  .  the  seoond  relay  operates.  How  ths  actuating 
circuit  should  be  opened,  and  to  circuit  shouM  return  to  to 
initial  state  only  after  both  receiving  relay®  are  disconnected. 

Tbs  presence  of  several  circuit  numbers  along  the  gams  column 
indicates  the  hoed  of  introducing  intermediate  relays  into  ths 


network. 

This  raethcd  of  notation  my  be  convenient  when  the.  input 
signals  are  received  by  several  inputs  and  arbitrary  sequences  of  the 


signals  are  possible,  i.e,,  when  for  any  state  of  the  network  any 
signal  can  be  received.  In  this  case  it  is  necessary  to  construct 
a  large  number  of  connection  tables  far  different  sequences.  As 
regards  telephone  control  systems,  such  conditions  are  not  encountered 
there  in  practice,  and  the  number  of  possible  sequences  of  external 
signals  is  usually  Halted. 

In  addition  to  tabular  methods,  there  exist  otter  methods  of 
writing  down  the  operating  conditions  of  sequential  networks.  Thus, 
for  example,  a  record.  can  bs  made  in  the  form  of  the 

.  so-called  connection  forauLas.  /16/,  or  in  the  form  of  a  sequence  of 
numbers  of  states  of  tbs  network  /99/«  The  operating  conditions  of 
tte  network  can  also  be  represented  in  the  form,  of  transition  dia¬ 
grams  ate  by  other  methods  /60,  61,  314,  117,  118/. 

For  synthesis  purposes,  the  most  convenient  is  a  notation  in 
the  form  of  connection  tables,  since,  as  will  be  shown  below,  such 
a  notation  is  clear  ate  makes  it  possible  to  determine  simply  the 
number  of  iatsr-iaediata  z-elsys  and  to  proceed  to  tbs  construction 
of  the  structure  of  the  networks. 


5.  CHANGE  ISOM  CONNECTION  TABLES  TO  CCRRESMBENCS  TABLES 
Tte  connection  table  in  the  form  shown  in  Fig.  15  hot  only 
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^shous  the  operating  sequences  of  the  individual  elements  and  ~i 

circuits  of  the  network,  but  makes  it  also  possible  tc  establish  in 
of 

what  state s^the  network  the  actuating  relays  should  and  may  be  closed, 
and  also  specify  conditions  for  operation  of  the  intermediate  relays. 
In  other  words,  we  can  change  over  from  the  connection  table  to  a  | 
correspondence  table,  while  the  latter  should  also  contain  the  inter" 
mediate -relay  circuits.  These  circuits  should  be  closed  in  all  steps, 
in  which  the  symbols  — -3>  and  -$■  •  sre  designated  for  the  relay.  Thus, 
tfaB  connection  table  of  Fig.  15  leads  to  Table  8. 

Table  8 


1)  Relays,  2)  circuits,  3)  number  of  states. 


I 

7J 


Chapter  3  t_ 

SOTHE8IB  OF  SEQtffiHTIiL  NSWCRK5 

Ab  already  indicated,  the  principal  relay  networks  in  telephony 
are  sequential  networks*  The  construction  of  a  sequential  network  is 
based  primarily  on  the  conditions  for  the  interaction  between  the 
network  and  other  instruments?  devices,  and  networks,  i.e.,  the 
sequence  of  the  external  signals  fed  to  the  given  network  and  tbs 
requirements  on  the  signals  produced  by  the  network. 

In  addition'  to  these  basic,  conditions,  one  may  specify  also 
other  supplementary  conditions.  Thus,  for  example,  a  limitation  my 
be  imposed  on  the  number  of  springs  in,  any  particular  .relay ,  on 
the  number  of  incoming  or  outgoing  wires,  etc.  Requirements  may 
also  be  specified  for  the  operation  of  the  network  under  definite 
types  of  faults  or  distortion  in  the  incoming  signals,  All  this 
e& n  influence  the  network  to  a  considerable  extent. 

The  problem  of  structural  synthesis  of  a  sequential  network 
includes  the  following: 

a)  Formulation  and  notation  (for  example,  in  the  for®,  of  a 
connection  table)  for  the  operating  conditions  of  the  projected 


7 


network 


—1 


r  b)  Subdivision  of  tbs  network  into  functional  blocks  (if  the  1 
operating  conditions  oaks  it  necessary)  end  determination  of  tbs 
number  of  intermediate  relays  which  must  be  introduced  into  the  net¬ 
work  to  Insure  a  normal  dependence  of  the  states  of  the  actuating 
i  circuits  on  the  states  of  the  receiving  elements.  , 

i  r 

c)  Coa§>ilatian  of  the  ptaracturo  of  the  network. 

In  the  present  book  we  consider  the  construction  of  networks 
with  a  minimum  number  of  relays  and  other  elements. 

2<  CC2OTIATI0H  OF  CONNECTION  TABLES 

The  most  convenient  fora  for  writing  down  the  operating  condi¬ 
tions  of  a  -sequential  network  are  connection  tables  (see  Chapter  2, 
Section  4-}# 

The  process  of  compiling  connection  tables  reduces  to  the 
following. 

1.  One  determines  the  skeleton  of  the  designed  network  with 
an  indication  of  the  inputs  and  outputs,  receiving  elements  connected 
with  the  inputs,  and  actuating  circuits  and  elements  connected  with 
the  outputs. 

2.  A  preliminary  table  is  compiled,  in  which  one  enters  only 
the  operation  of  the  receiving  elements  (or  the  sequence  of  the 
external  signals)  and  actuating  circuits,  i.e, ,  one  records 
essentially  the  basic  requirements  imposed  on  the  designed  network. 

If  several  sequences  of  signals  are  possible  in  the  operation 


r of  the  network,  these  sequences  should  bo  rafleeted  in  the  fora  of 
individual  parts  of  the  coanactioa  tables. 

3.  Kras  m  analysis  of  this  table  om  determines  the  functional 

blocks  is.  vhich  it  is  necessary  to  break  down  the  network  and  the 

* 

,•  necessary  amber  of  relays  which  must  be  introduced  into  the  network 

r  1 

La  order  to  stake  the  table  realisable}  and  also  those  periods? 
during  think  the  lateriaadlate  relays  should  change  their  states. 

4.  She  table  is  then  expanded  by  introducing  into  it  the  inter¬ 

mediate  relays  and  steps,  during  which  these  relays  change  their 
state.  After  verifying  for  readability,  one  can  proceed  to 

a  compilation  of  the  network  itself. 

By  way  of  an  escaapl©  of  constructing  a  jrelinlnary  connection 
table,  let  us  consider  the  synthesis  of  a  relay  assembly  (RSL)  for 
two-way  connecting  line  /1X9/  between  stations  TaBx3x2  and  TaBs# 

(a  complete  synthesis  of  the.  network  is  .given  in,  /!&/,  pp  14&  — 

153). 

Fig.  1  shows  a  skeleton  diagram  of  the  set  ML,  which 
includes  tbs  incoming  line  wires  a  sad  b,  jack  J,  -receiving  relay 
L  (to  receive  the  call  fro®  the  line),  P,  and  X,  which  insure 
interaction  with  the  relay  of  tbs  sard  pair  of  the  TsBx3:k2  switch¬ 
board,  and  tbs  following  actuating  elements*  the  busy  blinker  BB 
and  the  calling  lamp  CL,  The  same  figure  shows  some  of  the 
devices  in  the -cord  pair,  interacting  with  the  BSLt  plug  P/»  sign- 
off  relays  05^  and  GP^,  and  the  contact  of  the  sign-off  relay  QP;  , 


zy 


which  shunts  the  400-  ohm  resistance  when  a  sign-off  signal  ^ 

arrives  from  the  other  subscriber.  Belay  OP^  operates  only  when  the 

resistance  of  its  circuit  does  not  exceed  600  okas,  while  relay  J 

operates  only  at  a  circuit  resistance  up  to  200  ohms.  Relays  P 

;  and  0?,  operate  in  all  cages  when  their  circuits  are  closed,  la  , 
i  **  r 

i 

accordance  with  the  requirements,  the  following  additional  circuits 
should  be  produced  in  the  networks  that  of  the  calling  leaps  {£(%}, 
the  busy  blinker  (£3),  the  grounding  of  a  wire  (bCf^),  for  the  trans¬ 
mission  of  the  response  signal  to  tbs  RTS,  aM  for  the  shunting  of 
2000-ohm 

the^roalstanoe  (fa^,),  to  control  the  relay  OP^  in  the  cord  pair. 

The  entire  process  of  network  operation  consists  of  11  basic- 
stages,  listed  in  the  preliminary  connection  table  (graph  of  ths 
operation  of  the  receiving  and  actuating  elements)  on  Fig.  18, 

0)  network  not  operating;  1)  receipt  or  call  from  ths  TaBx2 
station;  2)  interrogation  (the  interrogation  plug  is  -in¬ 

serted  in  the  jack);  3)  establishment  of  the  connection  with  ths 
line  of  ths'  called  subscriber;  4)  connection  after  the  called 
subscriber  or  station  TsBx2  answers?  5)  sign-off  on  the  part  of 
the  local  subscriber  and  transmission  of  the  sign-off  to  the  $sBx2 
station;  6)  disconnect  ion  on  the  TsB;c3x2  switchboard  (plug  removed 
from  jack);  7)  sign-off  on  the  part  of  the  TsBx2  station  after 
sign-off  on  the  part  of  the  local  subscriber ;  8)  freeing  of  the? 
line;  9}  engagement  of  ths  line  on  the  part  of  the  TsBx3x2 
station;  10)  sign-off  on  ths  part  of  the  TsBx2  station  ahead  of  the 


H sign-off  on  the  part  of  the  local  subscriber.  ~1 

The  actions  assy  occur  in  different  sequences.  Thus,  the  line 
Kay  be  engaged  both  on  the  side  of  the  TsB&I  station  (Fig.  18a)  as 
veil  as  on  the  side  of  the  switchboard  (Fig.  lBc). 

Analogously,  sign-off  can  be  on  the  part  of  the  subscriber 

■’  ■  H 

of  the  switchboard  (Fig.  18&/  b)  or  on  the  side  of  the  TsBx2  station 
(Fig.  18c ) .  All  these  possibilities  should  bo  noted  on  the  connection 
table. 

3.  CONDITIONS  OF  REA1IMBILIK  OF  TBS  TABLE 

In  order  for  the  table  of  c ejections  to  be  realisable  in  the 
fora  of  a  relay  network,  it  is  necessary  on  the  one  hand  to  insure 
the  remembering  of  the  sequence  of  the  signals,  and  on  the  otter 
hand,  to  produce  the  actuating  circuits  during  the  corresponding 
steps. 

On  the  basis  of  tfae  analysis  of  tte  action  of  the  relay  net¬ 
works,  the  following  realised)  ili  of  conditions  have  been  formulated 
/IB,  49/* 

1)  Different  states  of  the  actuating  circuits  should  corres¬ 
pond  to  different  states  of  the  receiving  and  intermediate  elements 
of  tte  network, 

2)  If  one  encounters  in  tte  operation  of  tte  network  steps 
with  identical  states  of  the  elements  and  if  at  least  one  such 

step  is  unstable,  all  these  steps  should  be  unstable,  and  in  tte 

-  ! 
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‘"next  steps  the  states  of  the  elements  shouM  be  the  same. 

If  any  of  these  cGBdttions  is  violated,  it  is  nscesssry  to 
isteoduoe  into  the  network  orb  cr  several  intermediate  relays  or 
to  change  in  a  corresponding  manner  their  operating  se- 

quanoe. 

It  is  necessary  to  tea*  in  aiM  hare  that  -if  in  -&ny  step 
several  relays  change  their  states  similtansously,  intermediate 
states  may  appear  due  to  simultaneous  change  in  the  states  of  these 
relays.  Unstable  steps  corresponding  to  these  intermediate  states . 
oust  be  taken  into  account  when  verifying  the  correctness  of  the 
operation  of  the  network.  - 

Starting  with  the  first  realisafeility  condition,  the  inter- 
asdiata  relays  should  be  introduced  in  such  a  way.  that  one  can  dis¬ 
tinguish  those  states  of  the  network,  in  which  the  state  of  the 
receiving,  elements  is  the  same,  but  the  state  of  the  actuating  eir- 
cuJb  is  different. 

Thus,  if  there  are  two  stages  with  identical  states  Ot  ^  and 
_  of  the  receiving  elements  with  different  actuating  circuits, 
separated  by  stage  |>  (Fig.  19a),  one  must  Introduce  an  intermediate 
relay,  which  changes  its  state  first  dicing  the  stage  p>  ? 

a  second  time  beyond  one  of  the  stages  «' 

If  on  the  other  band  there  exist  two  pairs  of  states 
0(n  — .  0^,, and  ^  »5  —  |3>  2>  ^oh  must  be  distinguished  (Fig. 

19b),  than  the  intermediate  relay  must  change  its  state  during  the 

?:r 


rtiae  of  teansitioa  froa  state  p  ^  to  €>(  2*  However,  it  is  impossible' 
to  realise  such  a  omsrtruoiioa  of  the  network,  since  the  second  condi¬ 


tion  of  realizability  wilt  not  o&  sstu.sf  ind •  Aotusliy,  x£  %'ob  inter— 
mediate  relay  A  is  set  to  operate  at  stage  0(  then  an  unstable 

4U  ,  ■ 

step  with  stats  «K  2  of^ceivln§;;relayg  appears*  However,  the  same 
state  is  observed  at  the  stags  <X,  1  and  consequently,  relay  A  will 
operate  already  at  this  stage*  therefore  far  the  sequence  of  the 
state 3  of  the  relay  as  represented  in  Fig.  19b,  it  is  necessary  to 
introduce  two  intermediate  relays  A  m&  B,  of  which  om  will  change 
J&8  state  at  the  stage  j_  ®®3  the  second  at  the  stage  g,  Shawn 
in  Fig.  19a. 

It  besoms  necessary  also  to  distinguish  between  periods  wish, 
identical  states  in  those  oases  when  in  these  states  the  actuating 


circuits  are  identical,  but  the  sequence  of  these  states  is  of 
Importance  far  the  change  of  any  actuating  circuit.  Thus,  for  ex¬ 
ample,  if  a  counting  s&Msakkafc  network  must  close  the  circuit  only 
after  e  definite  number  of  incoming  pulses,  then  all  the  intermediate 


states  of  the  network  should  be  different,  so  as 'to  be  able  to  say 
hm  ‘§sny  pulses  hum  already  been  received. 


4.  wmmmnm.  <f  sis  mmw.  <w  msmmi&TE  us 

'M.  analysis  of  the  connection  table  on  the  basis  of  the 

realizability,  conditions  makes  it  possible  to  determine  the  nuafeer 

of  relays  which  must  bo  introduced  into  the  table,  in  order  to  make 
L  .  j 

Jtfi 


“1 


I 

Fit  realizable,  and  also  those  periks 


in  which  these  relays  Jsaat 


'S 

} 


a  Image  their  states* 

As  has  been  shown  by  Investigations  carried  oat  by  V.Q. 

Lazarev  /92  —  94/,  the  nusfoer  of  relays  which  must  be  introduced 
depends  on  the  maa&aum  amber  of  identical  s^-ates  (  qom*,* 
deuces, 45 .  in  the  terffdnolor  of  V.fl.  Uaarev)  of  the  receiving 
elements,  in  which  the  state  of  the  actuating  circuits  is  different, 
or  else  these  states  are  essential  for  the  realisation  cf  tbs 
specified  sequence,  Tte  smallest  nvfcer  a  of  tbs  intermediate  re^ys 
is.  obtained  in  this  ease  from,  the  following  ioaqualxties* 

(3.1) 

(3.2) 


2Sl  ^  ffl-ti  1JM 

2"-  >  2/ftmax  —  1  - 


a 


The  first  of  these  inequalities  give ^minimum  value,  but  the 
network  with  this  umber  of  lateraediate  relays  can  be  realised 
only  when  between  these  identical  states  of  tbs  intar^diate  relays, 
which  must  be  distinguished,  there  exists  states  which  not  be 


distinguished.  In  the  opposite  case  it  becomes  necessary  to  use 
inequality  (3.2),  which  gives  one  additional  relay. 

Thus,  for  example,  for  the  connection  table  (Fig.  1°)  W) 
ms  that  identical  states  of  the  receiving  relays  -exists  at 
stages  1  -  6,  2  -  4,  3  -  5,  9  -  10,  vb*m  the  state  of 

the  actuating  circuits  should  be  different  in  these  stages  ^ith 

the  exception  of  stages  9  and  30).. 

We  thus  obtain  a^v  =  2,  'hence  ”1  ana  Sg  »  2.  In  Oxde. 


[“to  distinguish  the  states  of  the  fhay,  it  is  enough  to  introduce  oar* 
relay,  which  changes  the  state  bother,  stages  3  and  4  and  *ftor 
the  sixth  stage*  However,  to  insure  operation  of  the  relay  in  stage 
4  after  the  drop-out  of  relay  1  ie  impossible,  since  the  second 
realiaability  condition  will  net  be  satisfied.  It  is  therefore  .  ( 

necessary  to  introduce  into  the  network  tv®  intermediate  relays. 

Fig,  20  shows  the  total  table  of  connections  obtained  for  this 
ease  with  a  breakdown  of  the  possible  variants  of  network  operation* 
d  —  on  the  switchboard  TsBx3ac2 'tile  disconnect  takas  place  without, 
establishing  a  connection  with  the  subscriber*  e  —  sign-off  when 
the  balled  subscriber  -does  not  answer?  f  —  sign-off  oh  the  part  of 
the  5aBx2  station  prior  to  sign-off  by  the  switchboard ^  subscriber} 
p  —  the  same  in  the  case  of  failure  of  the  celled  switchboard 
subscriber  to  answer,  She  same  table  indicates  the  number  of  the 
states  for  each  step  with  allowance  for  the  transition  steps,  which 
ean  occur  as  a  result  of  noa-siamltaneous  drop-out  of  relays  P  and 
I,  States  with  numbers  4,  5,  7,  12,  13,  14,  24,  and  28  are 

not  used. 


5.  Choice  of  Connection  Sequence  for  the  Intermediate  Relays 
Following  the  determination  of  the  number  s  of  intermediate 
relays,  which  must  he  introduced  in  the  network,  it  is  necessary 
to  find  the  sequence  of  operation  of  these  relays*  Far  this  pur¬ 
pose  we  note  first  those  stages,  in.  which  the  intermediate  relays 


should,  change  tfasir  states.  la  mm  cases  this  say  ba  not  a  single  "~j 

stage,  but-  several  stages,  i.e*,  the  period  during  vhioh  the  state 

of  the  intercalate  relays  should  change.  Thus,  far  example,  far  the 

sequence  shown  in  Fig.  2l»  the  intereiediate  relays  should  change 

their  states  at  stages  ©t  ^  or  (to  separate  /p  from  /^), 

fbo  separate  ^  from  ^  g)  and  ^  g  to  separate 

/p  from  /'j),  and  finally  ahead  of  or  o(  0* 

We  shall  agree  to  cell  these  stages  of  the  operation  of  ths 

network,  during  which  the  intermediate  relays  aasi  change  their 

states,  the  instants  (or  periods)  of  connection. 

Thus,  cm  obtains  in  ths  table  at  “obligatory*  instants  (or 

the  state  of 

periods)  of  connection.  Since. each  relay  should  change  during  ths 

#v 

then,; 

cycle  an  ©ten  number  of  times,  in  ths  case  -of  m  odd  .one 

a  / 

crust  of  necessity  note  one  instant  of  connection,  which,  from  the 
point, .of  view  of  re&iiaabllity  of  the  network,  can  be  chosen  ar¬ 
bitrarily  (and  may  also  coincide  .with  any  one  of  the  obligatory 
instants).  One  can  choose  equal ly  arbitrarily  any  nuidaer  of 
Instants  of  connections  •  froa  aiaong  ‘2s  -  %  in  the  case  when  si 
<  Z  -  i,  where  2°  is  the  msdjam  maaber  of  changes  of  the  states, 
which  caii  be  Obtained  for.  a  intermediate  relays.  ... 

After ’the  obligatory  instants  of  connection  haw  been.-' deter¬ 
mined,  and  the  additional  amber  of  .such  instants  which  can  ba 
created  Is  ascertainad,  it  is  necessary  to  choose  the  operating 

'  .7  ^  ' 

sequence  with  intermediate  relays  and  to  add  thsm  to  the  oonnec- 


-1~  : — j 

Itlon  table.  In  most  cases  this  problem  is  solved  to  many  ways.  Tkie 
ambiguity  is  due  or  one  hand  fey  the  aforementioned  arbitrariness  in 
the  choice  of  several  instants  of  connect ion,  and  or  the  other  ha nd 
by  the  fact  that  at  .....  specified  instants  of  connection  and  at  a 
.  specified  number  of  relate,  different  sequences  cm  be  chosen.  L 

Thus,  for  exanqjls,  in  the  case  of  two  intermediate  relays  (s  = 

2)  cud  four  Instants  of  connection  (m  k  4)?  one  can  obtain  only  one 
sequence  (if  one  disregards  the  case  of  interchange  of  relays),  as 
shown  on  rig.  22a.  In  the  case  of  three  relays  arid  eight  points  of 
connection  (&  =••  3,  mag)  there  can.  be  made  up  two  different  sequences 
(Fig.  22b)  which  are  mutually  reversible.  Far  four  relays  (s  *  4,  n  * 
16),  there  are  nine  different  sequences  (including  the  inverse  ones) 
/L20/,  three  of  which  are  shown  in  Fig.  22c.  %on  further  increase 
in  the  number  of  the  relays,  the  number  of  sequences  increases  sharply. 

If  m  ■<  2®,  the  number  of  possible  sequences  increases. 

The  choice  of  any  particular  operating  sequence  for  the  inter- 
aBdiate  relays  manifest  itself  in  the  oosplexity  of  tie  network,  since 
the  number  of  contacts  changes  both  in  the  interaediate-relay  clr~ 
cults,  and  to  the  actuating  circuits.  This,  to  tarn  may  render  the 
network  non-realiaable  because  of  the  took  of  springs  on  the  relay 
and  will  make  it  necessary  to  increase  the  Ranker  of  relays  to  the 
network. 

There  is  still  no  general  rule  for  the  choice  of  operating 
the 

sequence  of  ^relays.  In  this  book  we  make  an  attempt  to  ; 


fiaggsat  .«nl  recommendations  orAhls  matter,  ths  ^ 

point  of  viev  Of  obtaining  networks  with  a  mintaum  number  of  contacts 
on  tha  intermediate  relays* 

E-40rfnr.ee  In  the  design  of  relay  »*<■*»  Btoua  that  aS  **" 

,  number  of  relay*  in  a  tastantial  network  increases,  where  tta.  mtoa*  ^ 
realises  all  2°  states  which  oan  be  produced  by  tha  n  relays  contain 
in  the  network,  tta  number  of  contacts  increases  much  more  rapidly 

than  the '  hyriber of  stops  paroduced  by  these  relays. 

Actually,  la  a  network  tta*.  realises  all  the  2°  atatao,  tta 
action  of  each  relay  depends  on  all  tta  remaining  relays,  and  con¬ 
sequently,  In  tta  circuit  of  each  relay  there  should  he  included 
contacts  of  all  other  relays.  Since  In  a  network  haying  n  relays 
the  amber  of  operations  aid  drop-outs  of  all  those  relays  is  2°. 
during  the  entire  operating  cycle  there  will  be  produced  n2»  contact 

circuits. 

As  a  result.  It  la  impossible  to  conatruct  in  general  networks 
»tth  five  relays  of  tta  BW  type,  which  would  realise  all  tta  32 
states.  This  leads  to  the  conclusion,  thus  far  not  confirmed 
theoretically,  that  circuits  with  five  and  more  relays  must  as  a 
rule  be  broken  down  into  individual  blocks,  operating  by  functional 
features  or  cyclically,  when  tta  operation  of  one  blook  (oaaoade) 

)  depends  on  tta  preceding  block  (cascade)..  In  either  case  it  be¬ 
comes  impossible  to  use  all  2“  states,  since  some  of  them  should 
be  used  for  tha  transmission  of  signals  from  one  blook  to  the  ot.be- . 


I 


Consequently,  it  may  be  found  necessary  to  use  more  relays 

than  given  by  inequalities  (3.1)  and  (3.2}. 

In  the  operation  of  the  intermediate  relays,  whan  they  are  all 


broken  down  into  several 


cascades,  and  the  receiving  elements 


act  only  on  the  relays  of  the  first  cascade,  while  the  relays  of  tbs 
succeeding  cascades  count  the  periods  (cycles)  of  operation  of  the 
preceding  cascades,  the  total  number  M  of  the  connection  instants, 
which  must  be  realised  by  the  network  in  the  case  of  a  cascaded 


structure ,  depends  on 


the  cascades  into  which  the  network  is 


broken  down  and  how  one  cascade  acts  on  the  succeeding  ones. 

Without  stopping  in  detail.  for  derivations,  we  give  the 
formulas  for  the  determination  of  the  maximum  number  M  of  the  in¬ 
stents  of  connection,  which  can  be  obtained  with  a  network  containini 


s  intermediate  relays,  broken  up  into  k  cascades,  such  that 


Sj  4-  $2  +  .  .  -  +%  ”  s« 


(3.3) 


We  consider  here  only  the  following  basic  methods  of  action  of 
cascades 

the  preceding  *  on  the  relay  of  the  following  cascades,  and 


we  shall  assume  that  there  is  no  inverse  reaction  between  cascades 
1.  The  action  is  transmitted  only  from,  one  relay  of  the  pre¬ 
ceding  cascade,  which  operates  only  once  d wring  the  operating 


cycle  of  this  cascade 


M,  *  2*~*+l 


(3.4) 


If  the  network  is  constructed  suck,  that  the  last  stages  of 
the  cascade  are  retained  still  during  the  period  when  the  noting 


relay  of  the  preceding  cascade  has  not  yet  changed  its  state,  the 


number  M  increases  somewhat 

M%  «  2S"*+1  (1  4-  2“‘H 


(3.5) 


2.  The  signal  is  transmitted  front  all  relays  of  the  preceding 


cascade : 


I 

<Ma  —2s*  FI  (2*  -1). 


(3.6) 


In  the  particular  case  when.  sj_  -  &2  -  ...  -  %  -  SA  wa  ^ave 

Afj  —  l)*~52s>.  (3.7) 

3.  The  signal  is  transmitted  -  from  all  the  relays  of  all  the 


preceding  cascades 


*  S  v. 

A  14^2-'*~S2‘W 


(3.8) 


We  can  sog  from.  (3.4)  (3.8)  that  as  a  rule  there  should 

be  si  1,  and  only  irx  the  cases  (3.5),  (3.6),  (3.8)  can  one 
relay  be  employed  in  the  last  cascade,  i.a.,  we  can  have  hare  sk 


>  1. 


It  follows  from  the  same  formulas  that 


Mi  <  Ah  <  Ma  <  Alj,  ^.9} 

shown,  for  example,  in  Table  9  for  s  —  ?  and  6.  It  should  be 
noted  that  M  is  increased  here  as  a  rule  because  of  the  complies- 
tions  introduced  into  the  contact  network* 


.L. 
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In  references  /iOi/  It  has  been  shown  that  in  counting  net¬ 
works  It  is  advantageous  to  use  a  cascade  c obstructions  using  two 
or  three  relays  per  cascade. 


Consider able  economy  in  the  number  of  contacts  can  be  obtained 
if  the  network  is  constructed  such  that  each  of  the  intermediate 
relays  changes  its  state  exactly  twice  during  the  cycle  of  the 
cascade  in  which  this  relay  Is  included,  as  shown,  for  example, 
in  Pigs,  23a  and  23b,  la  such  a  sequence,  gj_  relays  produced 
during  one  cycle  two  2s*_  steps. 

Depending  on  the  interactici  between  the  cascades  and  on  the 
number  of  relays  in  each  cascade,  the  total  number  M  of  the  in¬ 
stants  of  connection,  which  must  be  produced,  is  given 

by  the  following  formula as 

a)  When  the  signal  is  fad  to  the  next  cascade  from  on©  relay  , 


!  of  the  preceding  cascade 


~1 


M6*=2s,s*.  •  •  sk:  (3.10) 

b)  When  the  signal  comes  from,  all  relays  of  the  preceding 
cascade 

Mh  ~~  2st  T1  (2s,1  —  1); 

(3.11) 

c)  When  adl  the  signals  come  from  all  relays  of  the  preceding 


L 


oascades 


M.~  — ~  2*5 jSj 


S*  ~  22*',si+*s/4* 


s,. 


In  t 


particular  case  ’when  s^  =  S2  - 

—  2sj  (2s j  —  l)*-1; 

Ml  =  (2s-)*  — 

<  '  2s,  —  l  - 


(3.12) 
we  obtain 

(3.13) 

(3.14) 

(3.15) 


When  si  =  2  vie  obtain  the  sane  solutions  as  in  the  preceding 
case  of  cascade  action,  (Networks 

of  the  last  type  were  studied  by  Candidate  of  Technical  Sciences 
V,  I.  Ivanov,  He  calls  them  simple  cyclic  networks  and  shows  that 
to  Insure  operation  of  such  networks  it  is  necessary  to  have  nearly 
two  or  three  contacts  on  each  relay,  and  all  relays  need  be  of 
the  same  type  /1Q1,  102/,) 

Tine  use  of  cascaded  operation  of  the  intermediate  relays 


makes  it  possible  to  reduce  the  number  of  contacts  in  the  network, 
but  this  may  mate  it  necessary  to  use  more  intermediate  relays  than 


given  by  Sqs.  (3.1)  and  (3,2).  In  soma  cases  this  must  be  done.  Ia“l 

the  arguments  given  above  we  mentioned  only  contacts  necessary  to 

.lasers  operation  of  tha  inter  radiate  relays  of  the  b±  network.  The 

msti  of  placing  in  the  relays  contacts  for  the  actuating  esc  circuits 

and  the 

imposes  still  additional  requirements  in  tha  compilation  of  a  network 

*  *  f\  l 

t 

such.  ocntncxs  mu^st  he  uaxen  r><*to  ac o 01  v , 


'6.  Change  in  the  State  of  Several  Relays  Within  a  Single  Step 
When  choosing  the  operating  sequence  of  the  relay,  one  nay 
encounter  a  case  whom  during  one  step  conditions  are  produced  fee* 
the  change  of  state  of  several  relays,  as  shown,  for  example,  in 
Fig.  24s.  -In  practice ,  however,  the  operating  times  and  tha  drop-oui 
times:  of  relays  always  differ  somewhat,  and  consequently  fcraaotiddsK 
transient  steps  occur,  as  shown  in  Fig,  24b  and  24c,  If  one  considej 
that  the  relative  delay  of  each  relay  is  a  random  quantity,, then  any 
possible  combination  of  the  states  of  these  relays  is  possible. 

In  other  words,  if  during  any  one  step  conditions  era  produced 
for  a  change  in  the  states  of  v  relays,  the  appearance  of  £v  -  2 
different  combinations  is  possible f  . these  combinations  should 
not  be  used  in  other  periods,  but  cannot  be  considered  non -useable. 
We  see  therefore  that  in  the  construction  of  connection 


tables  it  is  necessary  to  avoid  transients 


in  which  several 


intermediate  relays  must  change  their  states  sltmiLtaceously.  Such 
a  sequence  is  permissible  only  in  the  exceptional  case,  when,  for 


example*  the  circuit  must  be  returned  to  its  initial  position. 

Xti  those  oases*  whan  the  conditions  fas  the  c; tenge  in  the  state 

of  several  relays  are  produced  simultaneously  (particularly  in  the 

when  * 

case  when  these  relays  are  receiving  relays),  ste^upon  appearance  of 
transient  steps  the  operation  of  tie  network  may  become  faulty, 
'measures  must  be  taken  to  insure  that  a  definite  sequence  in  the 
relay  operation  ba  observed,  either  making  one  relay  dependent  on  the 
other,  or  by  using  relays  with  suitable  time  delays. 

Thus,  for  example,  in  tbs  network  of  Fig.  17  the  relays  P  and 
I  am disconnected  simultaneously  when  the  circuit  opens  during  the 
instant  when  the  plug  is  removed  from  the  jack.  Here,  as  can  be  seen 
from  the  connection  table  of  Fig,  20a,  (there  nay  be  produced,  during 
(the  start  of  stage  6a) transient  states  of  the  networks  numbered  21 
(relay  P  drops  out  first)  or  19  (relay  1  drops  out  first).  Analo¬ 
gously,  states  number  20  or  18  can  occur  upon  transition  from  the 
stage  7a  to  8a  (Fig.  20b,  g)  ate  29  or  27  upon  transition  from 
state  3  to  stage  6a  (Fig,  20d)«  Steps  number  IB  and  19  are  en¬ 
countered  during  the  operation  of  the  network,  ate  in  these  states 
the  actuating  circuits  do  not  correspond  to  the  circuits  in  the 
same  steps,  between  which  transient  steps  occur  with  the  same 
numbers  (23  —  17  in  Fig,  20a  22  —  16  in  Fig.  20b,  g).  The 

appearance  of  transient  steps  numbered  20,  21,  27  ate  29,  on  tbs 
other  hate,  does  not  violate  the  Vealizaiility  of  the  table. 
Consequently,  the  network  should  be  constructed  such  that  relay  1 


drops  out  later  than  relay  P.  This  can  be  obtained  by  making  the 

relay  with  the  time  delay  or  by  .  • 

providing  an  additional  supply  to  the  voltage  X  so  that  it 

is  retained  in  the  local  circuit  through  a  normally  open  contact  of 


7  CHOICE  OF  SEQUENCE  OF  OPERATION  OF  INTERMHBIATE  itSLAIb 
TO  OBTAIN  k  MHHMUM  OF  COKTACT  IK  THE  ACTUATING  CIRCiJrrS 

We  now  consider  how  to  choose  the  sequence  of  operation  of  the 

intermediate  relays  from  the  point  of  view  of  the  minimum  auaoer  os. 

contacts  for  the  actuating  circuits.  It  is  quite . obvious  that  if 

one  introduces  into  the  network  as  many 


intermediate  relays  a; 


there  are  actuating  circuits 


necessary,  and  if  these  relays  are  set  tc  operate  xn  the  same  se- 
queues  with  Which  the  actuating  circuits  must  be  closed,  uhen. 
fer  each  of  these  circuits  it  is  necessary  to  have  one  contact,  i.e*3 
the  total  number  of  contacts  in  the  actuating  circuits  will  be  a 
However,  in  this  case  the  network  as  a  whole  may  noc  he 
optimum  from  the  point  of  view  of  the  number  of  relays  and  the  total 

number  of  contacts. 

Starting  with  ’  such  arguments,  we  can  recommend  that 
from,  the  point  of  view  of  reducing  the  number  of  contacts  in  the 
actuating  circuits,  it  is  necessary  to  choose  the  instants  of 
connection  and  disconnecting  of  the  individual  intermediate  relays 


I 

i 


mach  that  the  operating  periods  of  these  relays  coincide  with  the 
closing  {or  opening)  periods  of  the  individual  actuating 
circuits,  particularly  those  in  which  it  is  required  to  produce 


simultaneously  several  circuits  {to  close 
several  lines). 


the  circuit  to 


lit  ooa^hnation  with  these  recommendations ,  which  ware  given 
above,  one  can  choose  the  operating  sequence  for  the  intermediate 
relay  such  that  the  total  number  of  contacts  will  bs  close  to  a 
minimum. 

In  the  investigation  of  counting  cirauits,  the  author  has 
shown  /103,  104/  that  if  a  decimal  counter  is  made  with  a  RW  relay 
wiiih  15  springs,  lines  in  the  cascade  coriStruotion  one  can  obtain 
networks  with  the  characteristics  shown  in  Table  10, 


*-we.jS 

y  L  J 
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£t)  Table  10 

|  Hmm  n&ymm  j  ,;yj  '  4/  i  *jjJ 

j  »  wctkuz  %enfix  i  Mtfo^o  KOHTaK*  MfjtcAo  -hpy sum*!  MaKciffca^feHsa 

£\  4nc,ao  |  -V  . _  ,, _ f  tgb  a  Ka&mfi  ns  iO  ofi.mnpa-t  nponawoerb 

f  \  pe.m  j  4j  i  #K  wcncwsHHT^ufe-  MH&kpt  «en^HHTeiib* 

J  \  Hi  i  i  av  HOB  uchk  SfMX  L-cneft 

r  j.pe*  |  ******  | 

5  j  7—6  '  36  3 — 4  27  j  i 

6  |  6—7  I  41  2  23  |  2 

11  !  5-6  63  1  20  1  4 


(fit 


Transient  steps 
Pig,  24,  '• 

1)  Number  of  relays,  2)  number  of  springs  in  local  circuits, 

3)  par  relay,  4)  total,  5)  number  of  contacts  in  each  actuating 
circuit,  6)  number  of  springs  for  each  group  of  ten  sla&Ls -conductor 


leads,  7}  maximum  number  of  wires  in.  the  actuating  circuits 


J&OJ 


By  way  of  another  example, of  simplification*  ve  give  a  _ ^ 

1  c ounting  network  used  in  koy^pia3-aing  apparatus  /X23 1/  to  establish  i 

correspondence  circtiits  after  a  definite  ntimber  of  pulses*  depending 
on  the  state  of  tbs'  ^  ‘“'relays-  The  greatest  econoay  the  eoa- 
tacts,  and  sometimes  also  in  relays,  is  obtained  if  the-.cia^-^S 
code  is  matched  with  the  counting  system,  i.e.,  if  the  state  of  the  ( 

^  j 

clamping  relays  %>  %,  and  %  fcr  each  number  are  made  whs  sa&e 
as  the  state  of  the  counting  relays  (A,  C,  D,  and.  1}  after  the  count 
of  the  corresponding  nuober  of  pulses.  Xn  this  ease,  to  establish 
^  the  correspondence  circuit  it  is  necessary  to  have  one  relay  each 
la  each  dcuble-throw  contact  group,  connected  as  shown  in  Fig-  25a. 

The  diagram  of  the  o or  re spon.de ace  oirctiSfa  e  for  tfas  key-~pul8;u% 
apparatus,  constructed  to  accordance  with  this  principle  /*£/ ,  assumes 
the  fora  shown  to  Fig.  25b,  where  ap  ba,  c-,  and  ^  are  the  contacts 
of  the  relays  that  fix  tfas  unit  number sj  &z>  b2,  c2  and  d2  are  the 
contacts  of  the  relays  that ' fix.  tbs  tens  numbers,  etc . ;  pf  and  pd 
are  contacts  of  the  tdoanx  double-throw  relays,  which  close  res¬ 
pectively  the  circuits  when  unit  numbers  (pU)  ana  tens  {pt)  are 
sent,  etc. 

In  an  existing  key— pulsing  apparatus  network  /121/ ,  shown 
in  Fig.  25c,  these  functions  require  only  five  relays  and  88  springs. 


waxs  of  rmwxm  the  number  of  hkermsdiaee  reuzs 

As  seen  from  the  analysis  of  the  connection  tables,  by  coir 
paring  the  work  of  tbs  receiving  elements  and  of  the  actuating 


h 


■  circuits  one  can  obtain  the  minimum  number  of  intermediate  relays, 
necessary  to  introduce  into  the  network  to  realize  the  specified 
sequences. 

In  some  eases,  however,  this  number  can  be  reduced  somewhat. 

One  of  the  moans  of  reducing  the  number  of  intermediate  relays  is  L 
to  use  receiving  relays  as  intermediate  relays..  Such  a  use  is 
possible  in  the  case  when  in  accordance  with  the  operating  conditions 
there  exist  period,  during  which  the  given  receiving  relay  does  not 
operate,  1.3. s  when  the  signal  received  by  this  relay  does  not 
arrive.  In  this  case  the  given  relay  can  be  used  as  an  intermediate, 
operating  during  these  times. 

The  simplest  method  of  using  such  a  possibility  is  to  retain 
the  receiving  relay  in  a  local  circuit  after  a  snort  signal,  if 
the  succeeding  analogous  signals  cannot  in  general  be  received, 

or  else  their  receipt  is  not  essential. 

Another  possibility  of  reducing  the  number  of  relays  and  con¬ 
tacts  in  the  network  is,  in  socks  cases,  through-transmission  of 
the  external  signal  along  the  actuating  circuit  /17/ •  This  is 
possible  when  the  signals  received  and  transmitted  by  the  network 
may  be  identical  in  certain  periods  of  operation.  In  this  case 
it  is  possible  to  connect  the  incoming  wire:,  with  the 
network  relay  with  outgoing  contacts.  An  example  of  such  a  solution 
are  ths  relay  sets  II/IVGI  of  the  step-by-step  automatic  telephone 
.  station  /122/,  la  which  after  selecting  the  necessary  outgoing  lead,  . 


the  talking  wires  are  connected  and  further  control  pulses  pass 
directly,  without  acting  on  the  circuit  of  this  group  selector., 

.  In  those  cases  when  the  character  of  the  external  signal  is 
such  that  it  can  be  received  directly  by  an  intermediate  or  actuating 
element,  it  becomes  possible  to  exclude : the  receiving  element  fro© 
the  network.  Since  we  speak  of  relay  networks,  such  an  exclusion 
becomes  possible  when  the  signal  is  transmitted  over  electrical 
receiving  circuits  and  whan  the  values  of  the  voltages  and  re sis- 
tances  in  these  circuits'  are  such  that  stable  operation  of  the  inter¬ 
mediate  or  actuating  elements  is  insured. 

In  this  case  the  receiving  circuit  may  bo  represented  as  a 
closing  or-  opening  contact  with  a  series-connected  resistance  (if 
ns.  such  is  used  in,  the  external,  circuit) .  If  the  circuit  is  now 
converted  such  that  only  one  contact  is  used  on  the  receiving  relay-  , 
then  tills  relay  can  be  excluded  from  the  network,  and  its  contact 
can  be  represented  as  an  external  signal  circuit. 

By  way  of  an  example.  Fig,-  26  shows  the  diagram  of  a  binary 
pulse-number  divider,  in  which  the  signal  circuit  is  arbitrarily 
denoted  by  u.  The  counting  relays  A  and  B  receive  the  external 
signals,  and  the  windings  of  one  relay  should  .  have  an  identical 
number  of  ampere  turns. 

In  some  cases  the  exclusion  of  the  receiving  relay  may 

lead  to  the  ;•  fact  that  during  the  process  of 


operation  of  the  network  it  feeds  to  the  incoming  circuit  certain 


!  voltages, or  else  individual  Input  circuits  stay  become  later-  1 

« 

connected.  If  this  is  not  permissible  in  accordance  •with  the  opera¬ 
ting  conditions,  the  circuit  can  be  separated,  far  example,  by  using 
rectifiers. 

i  •  ■  .  i_ 

i  *  , 

9.  USE  OF  TBffi-DELAX  HEUXS  IK  SEQUENTIAL  NETWCflKS 

Relays  in  which  the  operation  or  drop-out  are  delayed  are 
used  in  relay  networks  primarily  as  receiving  relays,  responding  to 
prolonged  pulses  or  to  intervals  between  them,  i.e.,  to  receive  a 
temporal  distinguishing  feature.  This  functions  is  performed, 
for  example,  by  the  series  and  holding  relay  in  many  automatic 
telephone  station  networks,  connected  with  the  receipt  of  the  number 
from  the  subscriber. 

Sometimes  the  tine  delay  is  used  in  intermediate  relays  so  as 
to  reduce  somewhat  the  number  of  contacts  in  the  network. 

The  use  of  a  relay  with  a  tin®  delay  in  drop-out  makes 
it  possible  to  construct  networks  such  that  short-duration  (within 
a  time  shorter  than  the  time  delay)  of  breaks  in  the  circuit  do  not 
disturb  the  operation  of  the  relay.  This  means  that  the  circuit 
of  a  relay  with  time  delay  exceeding  the  operating  time  or  the 
drop-out  time  of  other  relays  .in  the  network  may  be  disconnected 
during  the  unstable  steps,  produced  by  changes  In  states  of  the 
latter.  In  other  words,  far  circuits  of  time-delay  relays,  the 


/a  o 


■  unstable  steps  can  be  oonsMerad  as  conditional  ones,  and  in  soma  ~~i 

cases  this  cay  make  it  possible  to  sia^Xify.tha  network  ccaasiderably. 

fbtts,  for  example,  to  obtain  sequential  action  i  (Fig.  27a), 

the  circuit  of  relay  A  should  have  in  it  contacts  of  relays  X  and 

.Bj  as  shewn,  for  example,  in  Fig.  27b.  If  the  relay  A  is  made  with  , 
'  >. 
time  delay,  then  the  same  sequence  will  be  retained  without  intro- 

due lug  into  the  circuit  of  relay  A  the  contact  of  relay  B  (Fig.  27c). 
This  principle  serves  as  the  basis  for  the  construction  of  the 
network  used  to  transmit  a  number  from  a  counting  network  into  s. 
fixator  in  relay  registers  (Fig.  28).  The  number  is  transmitted 
after  the  drop-out  of  the  series  relay  C  (noting  the  end  of  the 
series)  during  %/m  time  when  the  auxiliary  relay  PC  holds  (because 
of  A  the  time  delay)  relay  BC  bringing  the  counting  circuit  back 
to  the  initial  state  after  drop-out.  Had  time  delay  not  been  used 
here,  the  circuit  of  relay  PC!  would  have  to  pass  through  the  con¬ 
tacts  of  the  fixing  relays,  in  career  to  have  the  relay  BO  drop  out 
only  after  the  fixing  relays  have  operated. 

In  some  cases  the  time  delay  of  the  relay  can  be  used  to 
increase  the  reliability  of  the  operation  of  the  network  la  trans¬ 
ient  conditions,  when  short-duration  breaks  or  closures  are 
possible  in  the  circuit  because  of  non-iimnltane ous  re switching  of 
different  contacts  of  certain  relays  during  operation  or  drop-out. 


/  8  / 


10.  CHANGE  om  mOM  GOIKSCTIQI  TABLES  TO  THE  HETWCRK  ~ | 

The  connection  table  makes  It  possible  to  find  directly  the 
analytical  expressions  for  the  conditions  for  individual  circuits, 
both  actuating  and  those  acting  on  the  intermediate  relays. 

The  corresponding  expressions  can  be  obtained  as  a  sum !  of 

K 

constituents  for  those  states,  in  which  the  circuits' should  be 
closed  (denoted,  in  the  connection  table  by  the  symbols  and  plus 
for  intermediate  relays  and  by  heavy  bar  for  the  actuating  relays;. 

j'i*oa  the  table  one  can  determine  those  constituents,  which  can 
be  taken  as  conditional  terms.  The  latter  are  tbs  constituents  of 
the  unused  states  ('which  do  not  enter  into  the  connection  table),  and 
also  the  constituents  of  states  shown  dotted  for  the  actuating  cir¬ 
cuits*  . .  ; 

Thus,  one  can  obtain,  directly  from  the  connection  table  the 
following  general  solutions  far  each  circuit  of  the  network  in  the 
form 

h-SH  +  s^- 

(3  J>) 

Thus,  for  example,  from  the  table  of  connections  of  Fig.  20, 
the  circuit  f^  is  'written  in^ihe  form 

h  -  {10.  H,  15,  18,  19,  26,  27,  31,  (2,  3,  16,  25,  29,  30,  4,  5,  6,  7,  12, 

13,  14,  24,  28)Su  U7»,7. 

The  transmission  of  these  solutions  and  the  change  over 
to- the  choice  eff  the  structure  will  be  considered  in  the  following 


chapters. 

In  some  cases,  particularly  for .actuating  circuits,  one  can 
3ee  directly  from  the  table  on  which  relays  the  closed  state  of  the 
individual  circuits  depends,  and  the  result  can  be  written  directly, 
-  without  any  transformations  whatever.  Thus,  for  example,  if  xn  all 
the  steps  during  which  the  relay  A  operates  the  circuit  should 
be  or  can  be  closed,  and  in  steps  when  this  relay  does  not  operate 
it  can  or  should  be  opened,  we  can  write  immediately 

'  h  —  a. 

If  the  preceding  conditions  pertain  to  steps  in  which  the 

relay  A  doss  not  operate,  we  write  respectively 

f\  —  a. 

Analogously,  we  can  obtain  also- the  circuits  that  depend  on 
two  or  more  relays.  Thus,  for  example,  from  the  connection  table  of 
Fig.  20  we  can  sec  that  f^shouM  or  can  be  closed  in  all  cases, 


when  the  relays  L  or  P  operate  (or  both  simultaneously)  and  siauL- 
taneously  we  can  write  directly  from  the  table 

fjz  /~tp  . 

In  cases  when  the  number  of  steps  .in  which  the  circuit  should 
be  closed  is  large  compared  with  the  number  of  steps  during  which 
it  should  be  opened,  it  is  more  convenient  to  compile  a  "non¬ 
operation  circuit"  as  the  sum  of' the  constituents  of  those  states, 

in  ,  ,  . 

rHrrHrrw  -which  the  circuit  should  or  can  oe  opened,  x.e., 


(3.17) 


/jfJ 


where  k  >  -is  the  constituent  of  the  forbidden  state  with  number  n, 

*  1 

Then  #  r~ 

1  x  1BB  7  J. 

(3.18) 

In  analyzing  the  operation  of  any  intermediate  relay,  one  can 

obtain  the  following  steps  for  this  relay  from  the  tables 

Operation,  in  which  conditions  are  produced  for  operation  of 
di. 

the  given  relay  (noted  — ^  ) . 

Holding,  in  which  the  relay  operates,  isxAfespst;  operates  by 

being  fed  in  local  circuits  j|  . 

/release/ 

Drop-cut,  in  which  conditions  are  produced  for  drop-out  of 

K 

the  relay  (  — 5  ) . 

Conditions  when  tbs  relay  does  not  work. 

In  this  case  the  circuit  of  a  given  relay  should  be  closed 

during  the  operation  and  holding  steps  and  opened  during  the  steps 

of  drop-out  and  non-operation.  We  note  that  steps  that  follow  the 

operation  steps  differ  from  them  only  in  the  state  of  a  given  relay, 
a xxx 

it  follows  from  this  that  in  the  sum  of  the  constituents  of  the 
operation  step  with  the  constituent  of  the  next  step,  the  contact 
of  the  considered  relay  is  Aiminated,  i.e.,  we  obtain  a  stib-con-- 
stituent  of  the  operation  step.  (We  shall  call  abb-constituents 
/IS/  of  &  circuit  consisting  of  n  relays  those  constituents  of 
tbs  network,  obtained  from  a  given  network  by  excluding  the  con¬ 
tacts  of  this  relay,  whose  operation  is  considered,  i.e.,  a  net¬ 
work  of  a  -  1  relays.  5 


.  t 

We  introduce  the  concept  of  formulas  for  the  operation,  ry, 
holding  %,  and  drop-out  hy,  which  characterize  the  states  of  a 
network  in  different  instants  of  operation  of  the  relay  W,  and 
which  do  not  include  the  contacts  of  this  relay. 

In  accordance  with  this,  it  is  most  convenient  to  write 


down  the  formula  for  the  operation  of  the  relay  W  in  the  £  era 

fw  —  'v  +  wgw  O.iV) 

/»“'V  +  w*r.  0*20) 

The  first  of  these  fcsvauLas  insures  the  closing  of  the  relay 
circuit  -"infha  operation  steps  and  all  the  holding  steps,  while 


the  second  insures  the  closing  of  the  circuit  during  the  operation 
and  the  opening  (the  inversion  of  the  drop-out  formula  is  taken) 


during  the  drop-out  steps. 

Since  the  contacts  of  the  relay  W,  do  not  enter  into  the  ex¬ 
pressions^,  gy,  and  hy,  with  respect  to  which  the  formulas  are 
given,  they  will  consist  of  sub-constituents  of  the  corresponding 
steps. 

In  accordance  with  the  subdivision  of  the  steps,  we  intro¬ 


duce  the  following  symbols* 

r  —  sub-constituents  corresponding  to  the  steps  of 

j 

operation  of  a  given  relay 5 

fa.  —  sub-constituents  corresponding  to  drop-out  steps ; 

1) 

—  sub-c onstituent s  corresponding  to  tbs  remaining 
steps,  .fe which  a  given  relay  operates,  and 


r— •  «  — « — 

■  g  .  —  those  in  which  it  doss  not  operate. 

Hare  j  is  the  serial  number  of  the  corresponding  sub-constituent . 
The  formula  for  the  operation  can  be  represented  m  a  am 
of  gub-c onat itusats  r.,  corresponding  to  all  the  steps  <£  operation 

d 

of  this  relay. 

L 

--  r 

In  addition  to  these  sub-c onat ituents ,  which  are  obligatory 

terms,  one  can  add  to  the  formula  terms  corresponding  to  certain 
unused'  states.  It  is  clear  that  one  cannot  add  to  the  operation 
formula  the  sub-constituents  g! :  corresponding  to  those  unused  states, 

.tl 

.in  which  the  relay  W  must  not  operate,  since  the  addition  of  such  a 
sub-constituent  will  cause  operation  of  the  relay  during  a  step  when 
it  should  not  operate. -  If  on  the  other  hand  the  sub-constituents 
g*  .  will  be  found  among  the  unused  states,  it  cante  added  to  the 
operation  formula.  On  the  other  hand,  a  sub-constituent  g-j,  comes- 

K> 

ponding  to  those  mused  states  in  which  the  relay  W  operates,  cannot 
be  added,  since  a  sub-constituent  g‘  •?  equal  to  it,  eorres- 

pending  to  the  non-working  state  of  relay  ¥,  may  be  found  among  the 
unused  states.  Consequently,  one  can  aid  to  the  operation  formula 
only  the  sub-constituents  of  those  unused  states,  during  which  the 
relay  W  does  hot  operate , 

The  holding  formula  gy  is  aa.de  up  of  the  sum  of  the  sub¬ 
constituents  g.-,  corra spending  to  the  holding  steps.  By  way  of 

J 

conditional  terms  one  can  take  the  sub -constituents  r j,  corres¬ 
ponding  to the  operating  steps,  and  also  the  sub-constituents 

i 

/44 


^corresponding  to  the  unused  states  during  -which  the  relay  W  operate eH 

If  the  relay  has  a  drop-out  time  delay,  then  the  c  positional Jb^aa 

can  be  considered  to  be  the  sub-constituents  of  the  unstable^etsps, 

azd  if  it  has  an  operating  time  delay,  these  sub-constituents 

,  correspond  to  the  unstable  steps,  when  the  relay  doss  not  operate. 

•  * 

The  drop-out  formula  \  Is  made  up  as  the  sum  of  the  sub- 

constituents  h.,  corresponding  to  the  drop-out  steps,  and  the  oondi- 
J 

tional  sub-constituents  are  here  those  corresponding  to  the  unused 
states,  during  which  the  relay  V  operates,  as  well  as  the.  sub¬ 
constituents  r  j  of  the  operating  steps.  For  &  relay  with  drop-out 
time  delay,  the  conditional  constituents  can  be  those  of  the  iadi- 
victual  unstable  steps. 

Using  the  symbols  Introduced  earlier,  the  general  solution  for 
the  formulas  for  operation,  holding,  and  drop-out  become 


r'”Sr<+S-T: 

(3,21.) 

~  S  *'  +  2  T  +  2  T : 

(3.22) 

A—2‘'+2T+2f  • 

(3*23) 

where  the  indices  i  correspond  to  tbs  used  states,  and  the  indices 
jt  to  the  mused  ones,  i.e.,  g/  IS  a  sub-constituent  corresponding 
tc  an  unused  state  in  which  the  relay  W  operates,  while  g’^ 
corresponds  to  one  in  which  relay  V  does  not  operate. 

Thus,  for  example,  from  the  connection  table  of  Fig,  20  we 


["obtain  for  the  relay  k  (relay  A  does  not  operates  in*  the  unused  j 
states  4*  5*  and  7,  and  operates  in  states  12,13 ,14,24, and  28). 


-  j.py6  -f- 


ApyZ  ,  *ptj6  , 
o  *'  0 "  * 


jt py6  |  Apy6  t 

~o  w  *  "o~  ’ 


gA  —  -f-  Apy§  -f*  ApyS  -f  jpy6  -j-  JtpyB  4-  Apy6  4- 


h-A  “  ^>'<5  +  !«/?)?§  -f  ^/?v6  4-  4-  Apy6  f; 

i_  '^6  ,  £pu6  ,  Ap£d  ,  4£p5  ,  Apy& 

■'  0  +  0  +  “o  +  TT“  +  o'  +  1j  • 

It  should  be  noted  that  the  elimination  from  the 

holding  formula  of  the  sub-constit bents  of  the  operating  steps  or 

the  introduction  of  these  sub-constituents  into  the  drop-out  formula 
may  cause  the  circuit  to  b©  open  for  a  short  time  (during  the  txas 
of  ooveaent  of  the  contact). 

When  the  conditional  terms  are  taken,  into  account  with  the 
aid  of  the  tables  of  neighboring  constituents  (see  Chapter  5),  where 


is  no  nead  of  paying  attention  to  whether  relay  W  doss  or  dces'aot 
operate  in  the  unused  state,  which  is  taken  to  be  as  the  condition¬ 


al  term,  and  the  operations  can  be  carried  out  in  their  ■  entirety 
with  constituents  corresponding  both  to  obligatory  and  to  conditional 


terms,  excluding  only  from  the  results  the  contacts  of  the  relay 
whose  circuit  is  being  synthesized.  This  is  possible  because  whan 
npi »8  the  tables  of  neighboring  constituents  one  can  add  to  the 
obligatory  terms  of  the  operation,  formula  only  those  for  which 
the  given  relay  does  not  operate,  and  one  can  add  to  the  holding 

i 

— *  -4 


/A  S" 


Paw*  drop-out  formula  only  those  constituents  Inuhich  it  does  operate  PI 
If  holding  relays  are  teed  in  the  network  (mechanical,  magnetic, 
or  electric)  with  two  windings,  tfce  main  -an®  (operating)  and 

tasking  then  for  normal  operation  of  such  a  relay  it 
is  essential  that  the  circuit  of  the  main  winding  V  be  closed  only  t 

4  *  _  } 

during  the  operating  steps,  and  that  the  circuit  of  the  Crocking- 
•  winding  V  be  closed  for  a  short  period  during  the  drop-out 


steps 


'  o s,m 


5hus,  the  structural  formula  of  the  network  becomes  in  this 


F  s»*  ftpW  "f  k’w'W . 


(3.24) 


for  relays  with  electric  holding,  it  is  necessary  to  produce 
a  holding  circuit  after  operation  through  a  closing  (ncrmally- 
open)  contact  of  the  relay,  and  the  circuit  atiugante  energi¬ 
zing  the  owbucktng:  ..  winding  must  also  contain  a  closing  contact 
ef  the  same  relay,  so  that  the  relay  does  not  operate  again  through 
tbs  .bucking  wlnding.idiQg. 

lira  structural  formula  of  the  network  (Fig.  29)  becomes  in 
tMe  case  /16/s 

Fj=  {fw  -{-  w?)  W  4*  tokwW  .  (3.25) 


(3.26) 


We  note  that  in  the  expression  %  in  formulas  (3.24) 

(3.26)  one  cannot  introduce  conditional  sub-constituents  oocrres- 


/J1 


r-  ■  ..L 

1  ponding  to  the  operating  steps. 

On  the  basis  of  the  conditions  obtained  for  the  individual 
circuit,  one  can.  make  up  the  diagram,  of  the  circuit,  using,  for 
staple,  the  transition  from  the  formula  to  the  diagram  after  trans- 
formations  for  the  purpose  of  .reducing  the  .number  of  con-  ^ 

tacts  (see  Chapter  4  and  5}  or  using  the  graphical  method  developed 
in.  Chapter  7*  Experience  has  shown,  however,  that  the  greatest 
economy  in  contacts  is  obtained  if  there  is  a  possibility  of  unifying 
several  circuits  and  to  construct  the  network  in  such  a 


way,  that  one  and  the  same  contact  acts  on.  as  many  elements  as 
possible.  General  considerations  regarding  these  problems  are  given 
in  Chapter  .9, 

The  simplest  method,  of  Joining  circuits  is  to  construct  a 
nor max  network  \Pig.  3a)  in  which  individual  contact  circuits  are 
joined  into  a  1,1,  k)~;pole  network.,  the  common  point  of  which  is  oh 
am  of  the  poles  of  the  battery.  In  tills  case  the  joining  of  the 
contacts  is  obtained  by  transforming  the  formulas  with  the  symbol 
for  these  contacts  taken  outside  the  brackets*  Further  simplifica¬ 
tion  of  the  contact  circuit  can  sometimes  be  obtained  by  going 
ever  to  a  bridge  circuit,  for  which  can  recommend  the  methods  of 
.it,  A.  Gavrilov  /!&/  or  A , G .  hunts  /JO  —  32/*  The.  bridge  contact 

network  can  also  be  obtained  directly,  from  the  written  down  con- 

by 

ditiens  by  a  graphic  method  (see  Chapter  7 K  or  the  method  of  F. 
Svoboda  /59,  78/. 


/// 


By  vay  of  an  example,  Fig.  30  stows  a  BSL  network  constructed  1 
analytically  /IS/  in  accordance  with  the  connection  table  of  Fig.  20. 

la  the  case  when  the  connection  .table  is  so  compiled  that  o ®-*.y 
&  small  part  of  all  the  possible  states  is  used,  and  the  number  of 
unused  states  is  large,  the  general  method  developed  tore  ,  ■ 

r 

7 

calls  for  cumbersome  manipulations.  In  this  case  one  can  recommend 
for  each  Intermediate  relay  to  construct  partial  tables  of  connections 
in  which  one.  introduces  first  only  the  elements  which  change  their 
states  directly  ahead  of  the  operating  stops  or  the  drop-out  steps 
of  a  given  relay,  and  if  these  tables  are  not  realisable,  one  can 
miay-»  the  network  realisable  by  introducing  other  elements 

from,  among. those  contained  in  the  overall  table,  as  is  recommended 
by,  M.  A, Gavrilov  /69  73/.  Other  simplified  methods-  of  obtaining 
from  the  tables  structural  formulas  for  the  interred  late 

relays  in  analogous  cases  are  given  by  A.  S,  Xuraaov  /65/  and 
la.  I.  Mahler  /135,  136/. 


Chapter  4 


U 

ALGEBRAIC  mWlSPCRmTIOHS  OP  CONTACT  NETWORKS 

1.  BASIC  MATHEMATICAL  TOOLS 

The  basic  mathematical  tool  of  modern  theory  of  contact  net¬ 
works  is  the  formalism  of  algebraic  logic  (Boolean  algebra) ,  which 
operates  ■with  two  numbers  —  aero  and  one  . 

In  algebraic  logic  /5»  6,  1 23  ,  124/  there  are  many  functions 
that  characterise  operations  with  elements  that  can  assume  two 
values.  The  functions  also  assume  two  values,  Wa  give  here  the 
characteristics  of  several  basic  functions  of  algebraic  logic, 
which  are  illustrated  in  Table  13.,  and  also  by  the  so-called  Eerier 
circles,  given  in  Fig.  31, 

(Euler  circles  are  used  principally  in  set  theory  for  a  clear 
representation  of  sets  and  operations  on  them.  For  the  case  of 
contact  networks,  a  rectangle  represents  the  aggregate  of  all 
the  possible  constituents,  and  the  separated  and-  shaded  region 

(Fig,  31a)  represents  ths  aggregate  of  those  constituents,  which 

\ 

enter  into  the  given  function  as  obligatory.  Two  functions  which 
have  no  common  constituents  will  be  represented  by  two  non¬ 
intersecting  doraains,  and  those  having  common  constituents  will  be 


^represented- by  intersecting  domains,  where  the  common  domain  ccsrres-"^ 
ponds  to  the  constituents  which  are  common  to  both  sets.  Such  a 
representation  permits  a  clear  illustration  of  all  the  operations  both 
of  algebraic  logic  (Fig.  31),  and  of  the  algebra  of  contact  networks. 

'  uni  shown  below  that  one  can  represent  analogously  also  operation^ 
in  the  presence  of  conditional  terms. 


Table  11 
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0 
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1.  Logical  addition  (disjunction,  joining)  corresponds  to 
the  logical  link  vord»a  “or*  (in  the  non-separating  meaning).  The 
function  a  +  b  (sometimes  denoted  a  (J  b  car  aVb)  is  true  when 

at  least  one  of  the  terms  is  true  (Fig.  31b). 

2.  Logical  multiplication  (conjunction,  inter section,  corras' 
p orris  to  the  logical  link  word  .  "and."  The  function  a.b  (a  f\  b, 
a  b,  a  &  b)  is  true  only  when  both  factors  are  true  \Fig.  31o). 

3.  Implication  (inclusion)  corresponds  to  the  logical  link 
word  "if...,  then  ..."  and  "from  ...  it  follows  that  ...."  The 
function  a  -~*>.b  (a  3?  b)  is  false  when  a  is  true  aid  b  is  false, 
and  is  true  in  all  other  cases  (Fig.  31d). 


//cT" 


b  (a  2=  bTl 


4,  Equivalence  (exclusion  llor,; ) .  The  function  a 
a  **t*  b)  is  true  vs  ten  a  ate  h  have  equal  values  (Fig.  31e). 

5*  Alternative  (addition  modulo  2)  corresponds  to  the  logical 
link  word  "or!!  in  the  separating  sense.  The  function  a  Q  {&  O  °j 


;  a  J_  b)  is  true  only  when  a  and  b  have  different  values  (Fig.  31f). 
6,  The  Staffer  function  a/b,  which  is  false  only  when  aate 
b  are  simultaneously  true,  and  true  in  all  other  cases  (Fig.  31g). 


7.  Inversion,  corresponding  to  logical  negation.  ii* 
function  a  C^a* ,  ™j  a,  1  *  a)  is  triss  when  a  is  false,  ate  is 
false  when  a  is  true  (Fig.  31h). 


From  amnng  all  these  operations,  we  have  chosen  for  tte  alge¬ 
bra  of  contact  networks  the  operations  of  multiplication,  addition, 
ate  inversion,  since,  firstly ,  addition  ate  multiplication  /IQ, 
ob  — .  gg/  sore  simulated  by  pax  alio  1  ate  series  joining  of  tte  con¬ 
tacts  (circuit  closed  —  true  —  one;  circuit  opened  —  false  — 
g  aero),  and  the  inversion  corresponds  to  a  replacement  of.  a  closing 
(normally  opened)  contact  by  an  opening  one  (normally  closed),  ate 


vice  versa. 


Secondly,  they  form  a  functionally  complete  system  of 
functions,  i.e«,  with  them  one  can  write  down  ail  the  remaining 


a-*b~a-f-b^=  o~b. 


functions s 


(4.D 


ajb  —  ah"  =  o  -j-  k 

(4*4) 

2.  BASIC  LAWS  AND  RSIATI01©  OF  ALGEBRA  OF  C0NTAC11  NETWORKS 

In  the  algebra  of  contact  networks  the 

following  laws  holds 

1)  Commutative  (rearrangement). 

x  +  f  *•  0  +  **»  1 

(4.5) 

2)  Associative 

(*#)«  *  1  1 

i*  + +  +  ) 

(4.6) 

3)  Distributive 

(<*~b 

(4.7a) 

(tbs  distributive  law  of  multiplication  relative  to  addition) 

+  z)(y  +  *)  (4.7b) 

(distributive  law  of  addition  relative  to  multiplication). 

1 

(4.8) 

(4.9a) 
(4.9b) 

Laws  (4.5)  —  (4.8)  make  It  possible  to  effect  identical 
(in  admittance)  transformations  of  contest  networks,  while  law 
(4.9)  enables  us  to  find  networks  which  are  reciprocal  in  structural 

//7 


4)  Repetition 

XX...  X  tax, 

*4*  •*  +  ••• +  -**»■*; 

5)  Inversion 

xy  -f 

*  +  *  =  *■£. 


“1 


r admittance  .(5 y”  is  reciprocal  to  xy) . 

Any  express.! 'on 3  produced  by  tbs  foreoing  operations,  as  veil 
as  tbs  individual  symbols,  can,  assume  only  two  values,  which,  c o£ve.»“ 
ponds  to  the  fact  that  tbs  contact  circuit  can  be  sitter  opened  or 
closed.  The  equal  sign  In  all  these  formulas  denote  that  for  each 
’  state  of  the  individual  elements*  of  the  network,  the  circuits 
corresponding  to  both  parts  of  the  equation  will  simult&us  ous-iy  be 
either  closed  or  opened* 

In  otter  words,  the  equal  sign  indicates  that  the  circuits  hs.ve 
an  identical  structural  admittance,  i.e«,  when  the  states  of  the 
elements  change  they  will  be  simultaneously  closed  or  siraultane ously 


opsne-; 


accordance  with  this,  we  can  writ®  down  the  following 


sqt&valencss 


Q..K  as  0; 

(4.10a) 

1  *  X  2=1  X‘i 

(4.10b) 

0  4-  x  ■»  X ; 

i  x  »  ? ; 

(4.10c) 

(4.10a) 

X  *  X  0  j 

(4.11a) 

X  •}-  X  «*  1 

(4.11b) 

On  tte  basis  of  the  foregoing  laws  we  can  obtain  also  many 
otter  equivalences,  which  may  be  useful  in  network  transformation. 

n  j  ft v  IT  (A,  12a) 

&  ~p  GX 

a  {a  ~j~  %)  SB*  a;  (4*i2b ) 


a  -{-  ax  ®  a  4  X; 
a  {a  -f  x)  ax; 

ax  -{-  ay  4  xy  **  ax  4  ay; 

(a  4 x) (a  4  y) (x  4  y) ~ {a  4  x) (a- f  y). 


(4. 13a) 
(4.13b) 

(4.14$) 

(4.14b) 


“1 


/  1  £?«  s 

XjCh 


Finally,  vs  can  note  the  following  axpanalon  formula 

/  (s,  n)  *  <*/(!,&,  -fa/  (0,  «).  v*-«  / 

,n)=*fc4/(0,  *)|  fa +  / (1,6 . «)!.  (4.15b) 

or,  in  more  general  fora 

/(g,&5 »~s&.  ..«•/(!,  i, ...  I) 4* a&. . .«/ (0,  i,...  ,1)  4 

4  ctb.. .  n-f0,O, . . . ,  ?)  4  ab. . ,  nf  (0.0, . . . ,  I)  4  •  ♦  •  4  ; 

•f (>Jj . . ,  /if  (0, 0,  . . , ,  i)  4  @b . .  •  fi'f  (0, 0, , . , ,  0),  (4.16a) 

/  (at  bt . , .  *  n)  —  [a  4  b  4  •  •  •  4  n  4  /  (0*  0 . 0}f  fa  4  &  4  •  •  •  4  n  4 

4  f  (l»0, . . .  »0)J . .  .|®  4  b  4  •  •  *  4  n 4  f0<  •  •  •  *®)Ha  4  ^  4  *  •  •  4 

+  «  +  /(*. 1 . *>!•  (4.1613) 


3.  Concept,  of,  Constituents 

As  already  mentioned,  in  a  circuit  consisting  of  a  relays  one 
can  produce  2n  different  states.  To  each  of  these  states  corres¬ 
ponds  a-circuit  of  series-connected  contacts  of  all  a  relays,  such 
that  will  be  closed  only  in  a  given  state.  The  analytical  expression 
corresponding  to  such  a  circuit  is  called  the  constituent  of  the 
expansion  of  unity,  or  simply  constituent. 

We  shall  .denote  the  individual  constituents  by  the  letter  k 
numbered  with  the  number  of  the  same  state,  in  which  the  ccrres- 

//# 


!  ponding  circuit  is  closed..  Thus,  from  Table  1  we  can  see  that 

i',1  —  aCm, 

ky  S5S 

~  nOii,  q  tc, 

It  cm  be  shown  /16,  p  62/  that  a  formula  for  any  contact 
network  can  be  represented  as  a  sum  of  a  certain  amber  of  consti¬ 
tuents,  and  the  network  itself  oan  be  presented  in  the  form  of  a 
series  of  parallel  circuits,  each  of  which  consist  of  only  series- 
connected  contacts  of  all  the  relays  of  the  network,  i.e., 

. %)■  (4,17) 

This  follows,  in  particular,  from  formula  (4.16a),  turd  also 
from  the  fact  that  each  circuit  can  ba  characterized  by 
those  states,  in  which  it  should  -be  closed  (see  Chapter  2). 

The  sum  of  all  2tl  constituents  is  unity,  i»e.,  it  corresponds 
to  a  continuously  closed  circuit 


~1 


f-t 

^  k{  •*  1. 


ijv*  XO 


This  explains  the  name,  “constituents  for  the  expansion  of 
unity, « 

The  constituents  have  the  following  properties,  that 

ki-kj  S»  0  ^/ri,  «  Vs- i).  (4,19) 

Inversion  of  the  constituent  kj,  which  we  c&Jl  an  anti-con¬ 
stituent  (it  is  called  the  constituent  -foe  the  expansion  of  zero) 
corresponds  to  a  circuit  made  of  the  contacts  of  all  relays 


!  » 

from  the  mm  table  m  can  see,  for  example*  that 

ah  C  a;  ah  C  b\  gc(«4 ‘h)  a,n4  *-(«  +  *)• 
la  otter  words,  the  illusion  a  cT~  *>  denotes  that  «a  is  not 

greater  than  bB  or  a  is  leas  than  or  equal  to  b.H  Therefore  we  snail 

use  for  inclusion  not  the  symbol  CJl  but  the  symbol  ^  or  t®  i«s 

inverse  >.  ,  i.e.,  if 


a  <  o. 


5,>  a 


Going  over  to  contact  networks,  we  can  say  that  if  formulas  of 
two  circuits  £j  and  are  connected  by  the  relation  . 

h  >  /* 

this  Means  'that  for  all  possible  states  of  the  contacts  contained  in 
these  circuits,  they  will  either  bo  gisaultane ously  closed  or  siauL~ 


tansously  opened  (f-j  —  £2)  8-®-SG  ff  will  be  closed  when  fg  xs  open 

(f-i  f2),  i.e.,  there  cannot  be  a  state  when  the  circuit  fi  is 
opened  (f^  ~  0)  and  fg  is  closed  (fg  ~  1). ' 

Hi  otter  words,  the  relation  fi  fg  denotes  that  ths  fuse— 
tion  fi  contains  all  the  constituents  making  up  the  function  fg> 
and  a  certain,  number  of  additional  ones. 

1st  us  agree  to  say  for  short  that  the  circuit  %  is  grater 
than  the  circuit  f2  or  that  fg  is  smaller  than  fi# 

The  relations  greater  and  smaller  have  the  following  proper¬ 


ties  /5/s 


1.  If  a  b,  then 


/<A 


“1 


@b  ««  bt 


(2,  Hj 


(4.23a) 

(4.23b) 

(4.23c) 

(4.23d) 


2,  transitivity 

If  &  >.  b  and  b  ^  c,  then  a  c. 

3.  If  a,  >  b,  then  a  <  b. 

If  a  C  b,  then  a  i?  b. 


(4.24) 

(4.25) 


4.  When  a  ^4  bt 

If  a  <  t  or  b  <.  t,  than  ab  ^  tj 


if  a  >  t  oar  b  >  t,  then  (a  +  b)£s  t| 
If  ab  ^  t  than  a  >  t  and  b  >  tj 


(4.26b) 

(4.26c) 


if  (a  +  b)  ^  t,  then  a  4?  t  and  b  t. 


(4.26A) 


In  contact  networks  the  properties  (42.3a,  and  b)  signify 


i 


that  one  can  connect  in  parallel  with  each  contact  circuit  a  smaller 

circuit,  or  one  can  connect  in  series  with  it  a  larger  circuit, 

without  changing  the  overall  structural  admittance. 

a 

We  note  that  the  concept  of  the  circuit  f#,  smaller  than  a 
given  circuit  f,  is  ambiguous,  and  pertains  to  •theoretically  in¬ 


finite  set  of  circuits,  satisfying  the  inequality 

f>f*>  0.  C4.27) 

The  same  can  be  said  also  relative  to  the  -Larger  cirou.ii/  f**» 
the  limit  of  which  is  a  short  circuit.  All  circuits  fi?s,  greater 

J 

M<3 


(¥■  *Y 


(A.  28) 


than  the  circuit  f,  satisfy  the  inequality 

*>/**>/. 

For  inequalities  of  the  type 


I 


(4.29) 


L,  Kyutura  /5/  gives  the  solution  U 

w  s 

■*'  —  j  ,ti  ~j~  ?2in,  (4.30 ) 

where  oO  is  any  expression  (any  contact  circuit),  called  indeterminate. 
For  the  inequality  points,  Hyutura  gives  a  solution  given  by 


P.8.  Boretskiy 

*~h  +  /*•'.  (4.31) 

Formulas  (4.30)  and  (4«3l)  are  e ssentially  identical,  if  it  is 
considered  that  when  fj  fg  va  obtain  fg  -  fj  +  fg» 

These  formulas  make  it  possible,  in  particular ,  to  deter¬ 
mine  any  greater  circ'uit  f*w  relative  to  f,  by  putting  .C-j.  “  ^  ^2  ~ 

/**  as  &>  «c  /  4-  <rf\.  (4  3a) 

Analogously,  we  can  obtain  also  a  '‘smaller”  circuit  f#,  by 
putting  f ^  a  0  and  fg  a  f,  i,e«, 

f*  *  fu>  (4.33) 

Several  procedures  for  obtaining  greater  and  smaller  circuits 
are  given  in  the  author’s  paper  /53/.  In  particular,  a  greater 
circuit  can  be  obtained  by  replacing  any  of  the  symbols  in  the 
formula  (any  element  regardless  of  whether  it  is  direct  or  inverse, 
and  regardless  of  the  presence  of  a  repetition  of  this  element  in 


the  frwnln)  by  unity,  and  a  smaller  circuit  is  obtained  by  replace-  * 
mzA  with  aero. 

Slims,  far  example  * 

cKl-f- ®^4- &)<«!  + s 1; 

«f-f5V  4*  b)>ad  4-  ac  >  ad  >  0-  , 

i 

Ve  pHwi'i  agree  .to  denote  a  circuit  greater  than  tbs  circuit 

X  '  .  jf 

f  by  the  symbol  -i-  ,  and  one  smaller  than,  f  by  the  symbol  q  * 

More  will  be  said  about  these  symbols 

in  Chapter  5,  Section  3. 

5.  Structural  Transformations  of  Contact  networks 
Since  in  the  synthesis  of  networks  one  obtains  individual  cir- 
c  uite  in  the  form  of  two-pole  networks,  we  shall  first  consider 
equivalent  structural  transfer mations  of  those  circuits,  i.e#»  trans- 
formations  under  which  the  structure  of  a  circuit  changes,  but  the 
structural  admittance  remains  the  same, 

la  the  synthesis  of  relay  networks,  the  transformation  of  con¬ 
tact  circuits  has  as  its  principal  purpose  the  creation  of  the 
simplest  network.  In  this  connection,  we  can  formulate  the  follow¬ 
ing  problems,  which  are  solved  in  tos  structural  transi.  enns vion  of 
contact  networks s 

Finding  the  structure  with  the  scaliest  number  of  contacts? 
exclusion  of  excessive  (duplicating)  circuits  and  contacts 


from  the  network? 


1 


redistribution  of  the  contacts  sssax  among  individual  relays; 

joining  of  a  closing  and  opening  contact  of  one  relay  in  a 
double -throw  contact  group  to  reduce  the  number  of  springs  in  tie 
network; 

reduction  of  individual  circuits  to  such  a  fora.,  that  whan  they  |__ 
are  joined  fcha  overall  network  contains  a  minimum  of  contacts; 

production  of  a  structure  more  oonve&ient  for  wiring  of  the 
network,  particularly  with  a  sdnicitm  number  of  wires  between  networks 
or  parts  of  a  single  network, 

la  class  If  networks,  the  structural  transformations  can  be 
carried  out  by, using  notations  in  the  form  of  structural  formulas, 
and  the  number  of  symbols  for  contacts  entering  into  the  formula 
will  exactly  be  equal  to  the  number  of  the  contacts. 

To  go  over  to  bridge  circuits,  it  is  necessary  to  have  addi¬ 
tional  transformations,  such  as  matrix  transformations ,  In  Class 
H  networks,  •&  decrease  in  the  number  of  contacts  can  be  accompl¬ 
ished  in  some  cases  by  introducing  valve  elements,  as  win  be 
shown  below, 

.  6.  SmCT®&L  B^FCRMATIONS  OP  GLASS  If  CONTACT  TNO- 
maOML  NETWORKS 

Let  us  consider  now  individual  structural  transformations  of 
clasa*^"  contact  two-terminal  networks,  aimed  at  reducing  the 
number-  of  contacts  in  the  network,  aad  the  laws  of  algebraic  contact 


i  networks ?  ■which  are  employed  therein# 

The  basic  procedure  for  reducing  the  number  of  contacts  m  a 
circuit  is  to  exclude  excessive  contacts  or  circuits  from  the  net 
work  or  to  join  into  a  common  circuit  the  contacts  contained  in 

•  several  circuits.  .  I 

•  ’  .  .  i  . 

Lavs  (4.5)  and  (4.6)  show  the  possible  rearrangements  of  con¬ 
tacts  vithin  a  circuit.  The  elimination  of  excessive  contacts  ana 
circuits  is  on  the  basis  of  the  equivalences  (4,10)  —  (4.14). 

The  joining  of  contacts  is  accomplished  by  using  the  distri- 
bufeiva  lava  (£.7)*by  taking  outside  of  the  bracket  (4.7a)  or  by 
separating  into  an  individuals  component  (4.7b)  those  terms,  uhich 
are  common  to  several  circuits,  connected  in  parallel  or  in  series. . 

la  seme  cases,  however,  it  is  advantageous  to  expand  individual 

circuits,  so  that  they  can  be  unified. 


Thus,  for  example,  if  there  exists  a  circuit 

f  —  abc  -b  {a  -f  b )  d, 

then  the  first  term  is  best  expanded,  and  written  in  the  form 
a  (a  +  b)c,  and  then 

/  —  (a  +  b)  (oc  4-  d). 


■which  leads  to  .he-  elimination  of  one  contact. 

In  the  general  case  the  "expansion"  of  the  contact  circuit, 
i.e,,  the  introduction  in  it  of  additional  contacts,  is  based  on 
the  equivalences  (4.23a)  and  (4.23b)  by  connecting  a  larger  cir¬ 
cuit  in  series  or  a  smaller  one  in  parallel. 


M  y 


Transformation  of  Bridge  Circuits 


In  bridge  contact  networks,  in  addition  to  the  transformations 
that  follow  from  the  transformation  of  class  ft  contact  two-torminai 


networks,  which  can  he  applied:  also  to  individual  breneh.es  of  the 
circuit,  there  is  still  another  possible  form  of  transformations, 
connected  with  introducing  bridge  elements  into  the  network.  These 
transformations,  without  charging  the  structural  admittances  between 
poles,  lead  in  many  cases  to  a  change  in  the  number  of  nodes  of  the 
circuit  and  of  the  circuits  between  the  individual  nodes, 

The  simplest  ease  of  such  a  transformation  is  the  'i~£t  trans¬ 
formation  and  vice  versa  (Fig,  33),  which  can  be  written  in  terms  of 
the  direct-admittance  matrices*. 

f  i  o  0  x 
I  0  I  Off 
I  0  0  J  2 
L*  9  *  L 

A  general  method  of  introducing  new  nodes  in  bridge  networks 
was  given  by  A,  G.  hunts  /3G  —  32/.  This  method  is  vary  effective, 
since  it  makes  it  possible  to  construct  bridge  networks  and  to 
introduce  rectifier  elements  in  them. 


xy  I  ys 
**  yz  I 


(/. .  s 


A  shortcoming  of  this  method  is  that  the  cotaplexity  of  the 
network  depends  on  the  sequence  with  which  the  new  nodes  are  intro¬ 
duced,  and  the  constructed  network  may  turn  out  to  be  even  more 
complicated  than  a  class  I*  network.  At  the  present  time  there  is 
still  no  algorithm  that  leads  to  a  simplification  of  the  network 

! 


Mr' 


r Upon  introduction  of  triage  elements.  V.  il.  Lazarev  /93/  has  shows  “j 
if  vs  bo  ft  using  tbe  method  of  A„G,  Lusts  one  first  finds  the 
initial  and  final  elements,  for  example,  by  tbs  method  of  M,  A. 
Gavrilov  /16/,  a  certain  sequence  in  construction  can  be  obtained, 

j  leading  to  sijnpier  networks.  ^ 

The  general  rules  indicating  the -possibility  of  unifying 
identical  circuits  contained  in  different  branches  of  the  network 
have  been  recently  given  by  M.  A. Gavrilov  /69,  77/ .  The  procedure 
proposed  by  him  makes  it  possible  to  evaluate  methods  of  constructing 
bridge  contact  networks. 

8,  IHVERSIOK 

By  inversion  in  the  algebra  of  contact  networks  is  meant  the 
finding  of  a  contact  network  /,  inverse  in  its  admittance  to  tbs 
initial  circuit  f,  i.e.,  the  circuit  /  should  be  closed  in  those 
states  of  the  network,  during  which  the  circuit  f  is  opened,  and 
vise  versa. 

For  networks  of  class  H  ,  starting  out  with  the  equivalences 
(4,9),  one  obtains  the  following  rule  for  inversions  to  invert 
a  class  IT  contact  network  aH  the  parallel  connections  are  replaced 
by  series  o ms,  and  all  the  series  ones  are  connected  by  parallel 
ones,  and  at  the  same  time  closing  contacts  are  replaced  by  opening 
ones,  and  vice  versa. 

If  rectifiers  are  contained  in  the  network,  they  should  be 


'reversed  -  180°. 

To  Invert  planar  networks  of  class  H,  am  c an  rscoaaoacl  a 
graphical  method  /16,  p  82/  consisting  of  replacing  each  closed  loop 
by  a  node,  and  each  node  by  a  closed  loop,  simultaneously  replacing 
each  two-pole  network  comprising  the  branches  by  its  inverse 
(Fig.  34).  '  If  the  network  contains  rectifiers,  in  the  graphic 
inversion  their  polarity  is  chosen  in  accordance  with  the  following 
rules  when  the  Input  pole  of  the  network  is  moved  counterclockwise, 
the  rectifier  should  be  turned  clockwise,  and  vice  versa  (Fig,  35). 


4.  K/5  v*  p  4- r  >  rtb*  V 
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inverse  formula.  In  this  case  the  number  of  elements  in  the  -nstwar 


my  change 


X,  $jL, 

Fig.  33. 
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GENERAL  S0LUTI02B  A®  THEIR  BU0iSPCRI4ATI01S 
1.  •  Concept  of  General.  Solution 

As  already  indicated  (see  Chapter  2,  Section  3)?  the  operation 

of  individual  circuits  is  written  down  in  general  as  the  sura  of 

obligatory  and  conditions!  terms,  corresponding  to  those  states,  in 
.the 

which  ^  given  circuit  should  or  could,  be  closed.  To  write  down  the 

conditional  terms  we  made  use  of  the  symbol  2JH  ,  indicating  tiiat 

O' 

the  constituent  numbered  can  be  replaced  by  zero.  The  presence 

'  ,y 

of  conditional  terms  in  the  expression,  tk  several  different  circuit 
may  correspond  to  this  expression,  depending  on  which  of  the  condi¬ 
tional  terras  are  taken  completely,  and  which  are  replaced  by  zeroes. 
Ste  A  circuit  (or  its  analytical  expression)  satisfying  given 

f  l  £  i^Xk. 

conditions  will  be  called  a  solution,  Sap^mi  of  the  presence  of 
conditional  terms,  several  solutions  may  be  obtained  for  one  set 
of  conditions. 

Thus,  fesr  example,  if  the  circuit  of  the  relay  X  contains  o m 
obligatory  terra  abe  and  two  conditional  terms  abc  and  abc,  then 
the  solution  can  be  written  In  the  form  abc  (not  one  of  the 
conditional  terms  has  been  addsd^  ah,  ac,  or  a(b  +  e)  (one  of 


rthQ  conditional  terms  or  both  together  have  been  added! 

In  this  case,  Off.  of  these  solutions  can  be  transfer  Into 
another  by  usual  transformations  of  the  theory  of  relay-contact  net- 
varies  (see  Chapter  4),  siaca  these  aoluticffts  have  been  obtained  with 
•  allowance  for  the  operating  conditions  of  the  network. 

It  should  be  noted  that  if  the  addition  of  certain  conditional 
terms  simplifies  the  expression,  the  addition  of  others  may  compli¬ 
cate  it, 

Tha  choice  of  the  particular  solution  is  best  made  only  by 
comparison  with  other  circuits  in  the  synthesis  of  the  network  as  a 
whole,  so  as  to  obtain  the  greatest;  unification  of  the  individual 
elements,  1 

Thus,  for  example,  if  in  addition  to  the  circuit  of  the  relay 

whose  operating 

X,  there  exists  a  relay  X,  thee  formula  «  (b  +  c)d,  then  the 
circuit  will  be  simplest,  if  we  talcs  the  last  of  the  solutions  for 
the  circuit  of  relay  X* 

F~*(6+e){aX  +  aF). 

It  is  also  advantageous  to  know  ail  possible  solutions 


the  compilation  of  bridge  circuits, 

while  __ 

However,  if  individual  solutions  cannot  be  reduced  .*n«o  one 

another,  ms  each  of  these  can  be  obtained  from  the  solution 


written  in  the  fallowing  form 
;;  lx  ssso6& 


a&  e  ,  aSe 
0  >  0  4 


(5.1) 


An  expression  of  the  form 


1 


f'as,  5  ^a;r| 


<5.a) 


w£LL  be  called  tbs  genaral  solution,  since  all*,  the  particular  solu¬ 
tions  tan  be  obtained  fro®,  it  by  choosing  different  conditional  terms, 


2.  Ztetermlnslioa  of_ths  Particular  Solutions 
Using  the  concept-  of  smaller  and  larger  circuits  (see  Chapter 
A;  Section  4)  ve  can  say  that  if  not  a  single  conditional  term  is 
taken  in  expression  (5,. 2).  we  obtain  the  rainiaal  value  of  expression 
l.e,, 

r 

'  S  •  (5,3) 

the  addition  of  all  the  conditional  terns  gives  a  maximal 
value  for  this  expression,.  i,e„, 


k"**  **2**  +  }J\. 


firs? 


(  r  4  V 

\3.4i 


Consequently,  any  particular  solution  f^,  satisfying  for- 
aula  (5*2),  should  also  satisfy  the  inequality 

fa  win  </x'<  fa»a*.  '  (5*5) 

In  accordance  with  (4*31),  the  Boat  general  solution  can  be 
written  in  the  form 

fa  fa'roin  fa's tiasW'  (5.6) 

Since  no  liadlatlons  have  been  imposed  on  CO,  vie  can  see 


Pfrom  formula  (5.6)  that  the  nunbeSTof  different  particular  solutionsTi 
can  be  infinite,  considering  that  arbitrary  variables  can  be  intro¬ 
duced  into 

In  practice,  however,  it  is  primarily  important  to  obtain 

:  particular  solutions  consisting  of  the  same  variable  as  in  tba  , 

function  fT  .  and  fv  .  Such  partioular  solutions  Hill,  be  called 

finln 

fundamental.  It  can  be  shown  that  if  there  are  s  conditional  con¬ 


stituents  in  formula  (5.2),  the  number  of  different  fuMamenlax 
solutions  will  be  2s. 

Individual  particular  solutions  have  that  property,  that  both 
the  product  and  the  sum  of  several  particular  solutions  is  a  parti¬ 


cular  solution, ' 


In  fact,  if  there  are  particular  solutions 


and 


than 


fx  ~~  ftnin  4~  Uii;  i:vii 
fx  “  /mil!  "}■  n,tf  ttlBK 

fx  +  fx  — 1  fm.»n  4*  (t>j  *j  Wa)  /toss*  ~  fm In  *"T  <&bf  max  —  fx< 
I  xfx  ~  fm  in  4“  mlmsfm  ax  **  fmln  “J"'  M,</max  —  f,V- 


(5,7a) 

(5.7b) 


Another  particular  solution  will  be 

fx~fx*+fx»>'  (5.7c) 

which  can  be  readily  verified  by  substituting  the  values  for 
and  f^-"*  into  (5,7c), 

Now  that  we  have  explained  the  nature  and  the  basic  properties 


l&r 


r«f  tbs  general  and  particular  solutions,  let  us  piroc&ed  to  the  quas-~] 
tion  of  abbr@viet.tng  the  notation  for  the  general  solu¬ 

tion,  since  a  solution  •written  in  the  form  of  a  sum  of  constituents 
is  inconvenient  in  operation  and  does  not  make  It  possible  in  pca@ij.uuo 
:  to  change  over  to  tbs  network*  .  i 


3.  EqUffAL'SNCES 

In  writing  down  the  conditional  terms  in  the  general  solution, 
we  have  used  the  symbol  ,  denoting  that  one  can  take  either  the 

O'  -H 

expression  a  or  aero. 

Let  us  broaden  this  concept  now  for  a  more  general  case,  when 
it  is  necessary  to  write  down  non-unique  solutions. 

Ws  iiave  seen  that  the  presence  of  conditional  states  maj/ 
cause  several  different  circuits  to  satisfy  the  mm  set  of  condi¬ 
tions,  these  circuits  laving  identical  values  for  these  conditions. 
y(Q  shall  use  the  symbol  already  known  to  us,  the  fraction  bar,  to 
write  down  such  circuits.  We  shall  treat  this  symbol  as  a  sign 
indicating  that  the  expressions  on  both  sides  are  equivalent  for 
given  conditions,  and  a  it  bar  of  these  can  be  taken.  Such  ex¬ 
pressions  with  the  bar  will  be  d  called  e  equivalences. 

(&n  equivalence  is  one  of  the  methods  of  writing  down  multiple- 
valued  solutions,  analogous  to  the  *osa  of  integration  constants 
in  the  solution  of  differential  equations.  As  in  the  latter 
case,  tbs  choice  of  the  particular  solution  is  based  an  the  supple- 


Hnantary  solutions  (for  example,  obtaining  a  network  with  a  minimum.  « 

number  of  contacts)  ^  • 

Let  us  examine  the  properties  of  equivalences. 

We  note  first  of  ell  that  it  is  immaterial  on  which  sM®  of  the 

:  symbol  (bar)  a  particular  expression  -stands,  i.e.,  the  commutation  ^ 
*;  .  .  . 
law  holds  for  equivalences st 

(5.8) 

Considering  all  the  possible  combinations  of  the  f  our  con- 

stituants  of  two  variables  a  arif'b  vab,  ab,  ab,  and  ab),  we  can 

verier  that  corresponding  to  the  condition  a/b  is  the  case  when 

one  adds  to  the  obligatory  constituents  ab  the  eondi- 

_ _  ■ 

tiornl  constituents  ab  and'ab,  i.e.,  the  equivalent  can  be  repre¬ 


sented  in  the  form,  of  a  general  solution 

~~,.ah  +  £?4-'±  (5,9 ) 

b  r  0  >  0  * 

Starting  with  the  statefijsnts  made  in  the  preceding  sec  tion 
concerning  the  general  solution,  vs  can  vu-it© 


ab  •<>  ™  (tb  ab  *f*  ab 
or 

fib  ^  (fi  -f-  b) , 

(5.10) 

hence,  in  accordance  with  (4.30 )  and.  44.31) 

--  —  ah  f-  (a  -|-  ft)  m  «  abut  -f  (a  b)  ® ,  (5*11) 

where  U) ,  as  before,  is  an  arbitrary  expression.. 

Thus,  equivalence  is  none  other  than  an  abbreviated  notation 


'  for  a  group.  of  Boolean  functions, .  satlef^lng  inequality  (5.10)  and 
determined,  by  expression  (5«H). 

The  particular  solutions  are  obtained  by  assigning  to  the 
symbol  &  in  (Sell)  some  definite  value, 

i  Since  the  expression  obtained  after  gt&grfcitu&ioa  of  no  ^ 

i 

longer  reflects  the  specific  features  of  the  operating  conditions 
of  the  network,  •  the  -inverse  transition  from  the  particular  edition 
to  the  general  solution  is  impossible.  Therefore,  to  go  over  from 
the  general  solution  to  tbs  particular  solution  we  shall  use  not  the, 
equality  sign,  but  an  arrow,  indicating  tbs  ohe~ei&adness  of  the 
transfoi*mtioa. 

Fear  tbs  particular  values  Ssl  we  obtain  from  formula  (5*31)  t 
npu  ~~~  1 5  --  — n  *1* 

npn  «>--  0;  ~~*-abt 

■  RpK  Mte<5 

np»  hi  v\  -'7  (h 

It  is  easy  to  verify  that  these  four  solutions  are  fundamental. 

VliUi  other  substitutions  we  can  obtain  other  particular  solu¬ 
tions.  Let  ua  note  some  of  them* 

j  -*  a  -f  bx,  | 

a  ,  | 

™  — *  t>  -f  axt  | 
x),  | 

£•  ~*b{a  4  x).  |  (5.13) 

The  case  when  in  one  cf  the  parts  of  the  equivalents  there  is 


(5.  If) 


tsBtSh' 


a  aero,  corresponds  to  the  inequality 

T 

(5.34) 

or,  from  (5.11)  a 

~  a  aw. 

(5.15) 

Fc3r  tbs  case  a/1  vb  shell  have  respectively 

U 

r 

(5.16) 

or 

j-  —  Q-  GX 

(5.1?) 

0- 

Analogously,  £~  denotes  that 

C  Q 

ubc  a  -}-  6  r 

(5. IB  ) 

b  **  abc  I  -  (<?  -f  b  I*  c)<a. 

T  (5.19) 

This  result  can  be  derived  from  formula  (5.11)* 

r  i^L±i£±il^.  «*jc6 -f  («-f 
£  * 

£ 

Putting  £.0  a  (a>^,  v?e  get 

£f 

F  «*  (sJkr  4  (#4  4  +  ($  4  4)**  *4  £^5as&  4  (#  4  ^4  £)*- 

C  ' 

It  is  easy  to  verify  that  (a  +  b  +  e)  contains,  in  addition 
to  tbs  constituent  abc,  six  additional  constituents,  i.e.,  the 
expression  TJT,,  corresponds  to  2  "  64  different  fundamental 
solutions. 

The  symbol  °f  equivalents  may  be  found  convenient  for  an 


abbreviated  notation  la  the  absence  of  conditional  terras  and  in  oases  ] 
siailar'to  tbs  folloMing  one.  If  there  is  an  expression 

|  sss  ab  -f-  m  -f  be  -f  Of, 

then .  since  eb  4-  ao  +  bo  =■  ab  *  ac  or  ab  4  Ho  -f  ac  *  'be  4*  as ,  mq 
obtain  two  equivalent  solutions 

|  -f  <*c  x  ac  •*  «?  -{*  te  4" * 

%lng  the  equivalence-  sign,  we  can  write 

/  =  ab  4“  ac  -I-  be  4'  etc  *»  ac  -j~  ec  *4* o~ • 


i 


u,  mm^csxmrioB  of  equbtai^hoes 

Whan  operat-liig  on  e  qui  valence  0  we  should  conoid  or  each  of 
their  parts  sop^ratJoljr »  With  this-*  axi  the  laws  and 

of  the  algebra  of  contact  networks  apply  to  equivalences. 

One  onn  readily  verify  the  corrected m  of  the  following  equivalence s  1 


.  b  b 

a  +  r  ~  r  + 


£?  Hr  & 

iT+T  * 


^  C  C  ^  oc 


(5.20/ 

(5.21) 


From  this  it  follows,  in  particular,  that 


&  ab 

a  »  —  ~~  ; 

i  a 

./>  _  ah 

a  -  g-w  -g-  ; 
r  b  a-rb' 

JL-i. 

1  0  a  ’ 


a --I 
a  ~f 

a 

a 


&  £  -f  b 

T  ~  “  ; 

t  ^  +  b  . 


0  a 

a  0 

6  ’ 
a  0 

T  **  a  ; 


a  * 4-  ~  0,  a  x.  n, 


(5,22) 


?hs  inversion  of  equivalences  is  also  carried  out  in  aecor 


< 


5.  Simplification  of  the  Notation  for  the  General  Solution 
Uhe  general  solution,  witten  in  expanded  fora,  should  be 
simplified  in  order  to  retain  in  the  .formula  ainimua  number  of 
symbols  for  contacts.  This  is  attained  by  taking  outside  the 
brackets  the  common  factors  and  adding  those  constituents,  the 


i 


summation  of  which  loads  to  tha  elimination  of  separate  symbols* 

/* 

\i'ns  process  of  rod  using  a  Boolean  function  to  normal  fora 
with  tiie  least  number  of  letters  is  called  minimisation  /2.Z5  —  12 


be  present  paper  we  shall  aim  not  at  finding  the  possible  minima 


wit 

h  the 

lea 

In 

t  he  pr 

esw; 

at 

form,  but 

the 

' netwo 

> 

rkv 

Ws  note  that  simplification  of  expressions*  considered,  in  this 
section,  has  as  its  purpose  to  simplify  the  notation,  a&3  not  to 
simplify  the  synthesized-  network*  since  it  is  known  that  in  the 
general  case  the  formula  with,  the  least  number  of  elements  does  not 
always  correspond,  to  tho  most  economical  network.  Only  in  a  parti¬ 
cular  casoj  for  class^fT  two-terminal  networks,  does  the  minimum  of. 
elements  in  a  formula  determine  the  minimum  of  elements  in  a  network 
¥e  shall  therefore  consider  here  those  simplifications ,  which 
permit  merely  an  abbreviation  of  the  notation. 

It  is  easy  to  sec  first  of  all  that  a  simplification  of  say 
structural  formula  is  obtained  by  adding  to  the  constituents 
contained  in  a  given  formula  a  constituent  which  differs  by  tha 
inversion  of  one  element.  Than  this  element  is  excluded  and  the 
number  of  elements  in 'the  final  expression  is  reduced. 

Constituents  consisting  of  the  same  elemonts  and  differing 
only  in  the  state  of  one -of  these  elements  are  called  neighboring 
/66/.  In  accordance  with  these,  when  adding  two  neighboring 
constituents  one  excludes  the  element  in  whose  state  they  differ. 


\ 


Analogously,  one  excludes  from  the  expression  two  ~i 

elements  when  four  constituents  are  added,  differing  in  a  combination 

of  states  of  these  two  elements,  sad  three  elements  are  excluded 

by  adding  eight  constituents,  which  differ  in  combinations  of  the 

states  of  these  three  elements,  «spc*  i_ 

\  ' 

Therefore,  when  carrying  out  transformations  fer  the  purpose 
of  simplifying  tte  notation,  it  becomes  necessary  to  choose  and 
group  the  terms  in  such  a  way,  that  elimination  ox  individual  e.le“ 
meats  takes  place.  It  is  necessary  to  insure  here  such  a  notation 
that  no  individtial  possible  particular  solutions  drop  out.  Thus,  if 
a  certain  element  is  excluded  by  adding  a  com&xtioa&l  term,  tnis 
should  be  reflected  in  the  notation  for  the  result  in  the  form  of 
an  e qui valence,  for  examples 

oft  -f~  **  a  4  .  (5.26) 

On  the  other  hand,  for  the  example  (5.1)  given  above,  we 


have 


«&  « 


«^+2r+~ 


«  (5.27) 

One  can  obtain  from  this  notation  all-  the  particular  solutions, 
the  fundamentals  of  which  are  ab,  ao,  abc,  and  a(b  +  e). 

if  the  sm  Is  found  to  contain  conditional  terms  which  do 
not  unify  with  the  obligatory  terms,  they  should,  also  be  simplified 
as  much  as  possible,  and  written  as  conditional. 

Thus,  for  example 


.  T  . 


,  ,  oi) «  .  a?nt  ,  fe  (c 

am  -f  ",y  *h  "ip  —  <** y  *r  it  * 


03 


When  the  number  of  terras  is  large,  the  method  of  pairwise 
comparison  may  be  found  to  be  inconvenient,  end  we- shall  consider 
three  mate  general  methods.- 

6.  SBOTFIGATld  OB'  EX2RSSSI0NS  WITH  THE  AID  OF  TABLES 

OF  neighboring  constituents 


As  we  have  seen,  tbs  simplification  of  expressions  is  dua  to 


addition  of  terns  corresponding  to  neighboring  constituents.  To 
facilitate  the  finding  of  neighboring  constituents,  the  author 
suggests  Table  12. 

Table  12 
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1}  Nuafcer  of  ocuastltxients,  2)  ambers  of  neighboring  consti-  “1 
tuenia,  obtained  upon  change  la  the  stats  of  the  element. 


Shis  table  gives  the  numbers  of  the  neighboring  constituents 
for  all  32  constituents  of  a  network  consisting  of  five  (A,  B,  C,  P, 


ana  E)  elements  (tbs  numbering  is  made  with  a  base  KDCBA).  It  the 
number  of  elessmts  is  greater,  tbs  table  can  be  expand^.  7hus, 


the  sixth  column  contains  the  ambers  of  the  neighboring  constituents. 


corresponding  to  a  change  in.  the  sixth  (F)  element*  It  is  seen  from, 
the  table,  for  example,  that  for  the  constituent  numbered  6,  the 
neighboring  constituents  will  be  umbered  ?,  4,  2,  14,  3o.  ©to* 

Here  tbs  constituent  6  differs  from  constituent  7  in  the  state  of 


element  k  (since  the  number  7  is  in  the  column  corresponding  to  this 
element) ,  end  differs  from  jonshituant  2  in  the  state  of  toe 
element  C,  eta. 

It  follows  therefore  that  if,  for  example,  we  add  to  tlss 
constituent  numbered  5  (abode")  s  constituent  numbered  7  (abed©), 
then  the  element  a  will  be  excluded  in  the  sum,  and  upon  addition 


to  constituent  2,  the  element  c  will  bo  excluded,  i.e.,  the  sms 
will  be  respectively  bode  and  abde,  etc. 

If  .  copy  from'  the  table  in  two  lines  all  the 

neighboring  constituents  (in  the  sequence  in  the  table),  far  two 
neighboring  constituents,  then  in  each  column  (in  addition  to  the 
column  in.  which  the  numbers  of  the  constituents  chosen  by  us  are 


located)  V.e  obtain  one  pair  each  of  numbers  of  constituents,  which  ~1 
upon  addition  with  the  previously  taken  constituents  will  yieM  the 
elimination  of  two  elements.  Here  we  eliminate  those 

elements,  in  the  columns  of  which  are  located  the  numbers  of  the 

constituents  taken  as  terms,  .  t 

Thus,  for  e.mmple,  for  neighboring  constituents  6  and  2,  we 
obtain  from  the  table  (for  the  sake  of  convenience  we  write  over 
the  columns  the  elements  In  the  state  with  which  they  enter 
into  the  first  term) s  ' 


a 

6 

Jj _ 

. 7 _ 

ar  (i 

a  |  7 

4 

2 

14 

22 

2  1  3 

0 

6 

JO 

ts 

We  see  theme fore  that  in  addition  te  the  element  c,  when 
constituents  3  and  7  are  added  the  element  a  is  elmlnatad  (as  a 
result  we  obtain  b&e),  when  the  constituents  0  and  4  are  added  the 
element  b  is  excluded  (ade  remains) ,  ©to. 

We  can  obtain  analogously  the  numbers  of  those  eight  con¬ 
stituents,  the  addition  of  which  eliminates  three  elements  and 
among  which  each  constituent  has  already  three  neighboring  con-  , 
stituents,  etc. 

Consequently,  having  for  a  given  circuit  an  assembly  of 
obligst ary  and  conditional  numbers,  we  can  obtain  with 

the  aid  of  the  table  the  final  expression.  With  this,  if  in  any 
column  there  are  found  constituents  which  co  not  enter  into  whs 


r assembly,  the  element  corresponding  to  this  column  oemot  be  e*-  ~~1 

eluded* 

*hua,  in  the  synthesis  of  any  circuit  m  can  establish  the 
following  sequence  for  the  choice  and  addition  of  oonstiwueawa. 

1,  We  make  t>p  an  assembly  of  obligatory  and  conditional.  makers, 

which  eater  into  the  general  solution  for  the  given  circuit* 

■  -  .  and 

2,  We  take  cm  of  the  obligatory,  makers, £rcm  Table  3.2  va 
write  out  the  numbers  of  those  neighboring  constituents,  which  can 
be  added  to  tbs  given  one,  in  the  mm  sequence  as  in  the  table. 

Egi-s  va  place  a  bar  in  the  place  of  the  constituents  which  cannot  be 
&ddod,  suki  ottfc  tiiss  Aixs xvixltx&l  tuuxfcsir  Vhy  xOx 

em^plaj,  * 

If  far  a  given  number  no  neighboring  numbers  are  found,  xt 
means  that  the  expression  for  this  term  should  be  left  unchanged. 

If  there  is  only  ons  neighboring  constituent,,  then  as  a  result  o* 
addition  to  it  one  eliminates  that  element,  in  the  column  of  which 
is  located  the  number  of  tfaa  added  constituent.  With  tius,  if  utja 
added  constituents  belongs  to  tbs  conditional  terms,  tbs  excludes 
element  is  written  as  a  conditional  factor.,  fhe  presence  of 
several  neighboring  elements  indicates  that  it  is  possible  to 
exclude  one  of  the  elements,  corresponding  to  these  neighboring 
• constituents.  It  may  turn  out  hare  that  it  is  possible  to  elimi¬ 
nate  simultaneously  several  elements,  if  one  succeeds  in  choosing 
all  the  necessary  terms. 


/#* 


1  3*  Wo  verify  the  possibility  of  eliminating  two  elements.  For~^ 

this  purpose  we  write  out  the  second  lice  for  one  of  tbs  neighboring 
constituents  (with  this  it  is  preferable  to  take  the  number  of  the 
obligatory  term).  If  after  this  we  still,  find  more  than  one  column 

f  with  numbers  still  not  taken,  m  take  cm  of  these  columns  (again  j_ 

1  ‘  1 
*  * 

preferably  with  .a  large  ,  amount*  of  numbers  •  of  obligatory 

terms),  and  write  out  two  additional  rows  of  numbers  of  the  neighbor¬ 
ing  constituents,  corresponding  to  the  two  taken  numbers.  We  analo¬ 
gously  write  ourt  further  four,  eight,  etc.  rows,  until  only  one 
column  is  left,  filled  with  numbers  which  have  not  been  taken.  In 
this  case  the  elements  ccrz*e  spending  to  the  filled  columns  can  be 
excluded,  ana  the  sum  win  contain  all  the  terms,  whose  numbers  are 
in  these  columns, 

we  find' 

If  in  tbs  sequence  of  writing  out  the  rousjao  filled  columns 
with  numbers  which  have  not  yet  bsen  taken^  this  indicates 

that  further  simplification  is  impossible. 

Thus,  if  it  is  found  that  there  exists  several  columns 
filled  with  numbers,  and  an  investigation  shows  that  no  further 
simplification  is  possible,  this  means  that  only  one  (any)  of  tha 
elements  corresponding  to  these  columns  can  be  eliminated. 

Vie  make  an  analogous  operation,  with  all  the  obligatory  terms, 
which  did  not  enter  in  the  first  result  (in  the  first  term  of  the 
sought  answer),  and  all  the  obligatory  terms  already  contained 
there  can  be  considered  as  conditional.  This  is  repeated  with  the  ^ 

///? 


_l_ 

remaining  conditional  numbers. 

For  tbs  example  (5.1)  wo  shall  have 

f  «  a6e  -f  f*  +  af  -  {7,  (5,  3)}SB4. 

Wa  write  out  from  the  table 

i  he 

f  u  O  /? 


(5.29) 


We  see  therefore  that  because  of  the  conditional  terms  m 
can  exclude  the  element  b  or  c,  i.e,,  va  can  take  two  solutions  — ; 

ab  or  ao  —  in  the  general  form  we  obtain 

£  c> 

f^aT. 

For  the  function  f  7?  8,  9*  10,  12'  (0*  6,  11,  13,  14, 

t  7 

15}  >  •  starting,  far  example,  with  No.  1,  vse  can  write 


u 

6 

a  ■  z 

'll 

r  it 

. — 

“1  ~ 

a  j 

\  H 

// 

13  t 

It  follows  therefore  that  it  is  possible  to  exclude  the 
elements  a  and  d,  and  from  among  the  obligatory  terms  tlss  sun  will 
contain  the  constituents  0,  1,  8,  and  9.  'As  a  result  we  obtain 
tbs  circuit  be. 

Continuing  analogously,  we  obtain 


|  a  6 

e  a 

71 

Rrr* 

~;7T 

e\ 

1  ?  - 

-  14 

Consequently,  the  elements  a  and  a  can  also  bs  eliminated 
from  the  constituent-  7. 

Inasmuch  as  this  elimination  is  obtained  by  adding  only 
the  conditional  Nos.  6,  14,  ami  15,  we  write  the  result  in  the 


/<S~d 


-L. 

f  following  fcsrm  a  _ 

^TT- 

Foa*  the  remaining  terms  numbered  10  ahd  12  ve  obtain 

|S  6  ~a  g 
toil!  T7 4  — 

.  8  9  10  32  & 

i  ■  14  /5  12  10  5 

i2|/5  14  S  — 

SO  that  as  a  final  result  there  remains  only  the  element  d,  and 
the  numbers  8  and  9,  11,  13,  14,  and  15  will  again  enter. 

Thus,  all  the  conditional  numbers  have  bean  accounted  for. 
The  fact  that  the  foregoing  two  terms  (with  numbers  8  and  9) 
enter  into  two  members, ' means  that  in  one  of  the  members  they -can 

ti  * 

be  considered  conditional.  This  yields  two  results 

f  »  #«-f-  6$  y  4 

and  „ 

/  *W  $  8  ~~~  -$*  4-  g  =S  6  -J-  *|*  -J*  A 


It  follows  therefore,  that  in  class  TTf  the  simplest  circuit 
^iH  ^  /  ssa  6  0  •  $6  +  *• 

in 

It  should  be  noted  tdbat  t&ia  method  certain  fundamental  parti¬ 
cular  solutions  may  be  lost,  because  the  elimination  of  individual 
elements  is  due  to  combining  both  obligatory  and  conditional  terms. 
Store  Thus,  in  the  Oast  example  the  joining  of  the  terms  with  Sos. 


9  yields  the  re  suit  be  (a  +  d ) .  If  we  add  to  this 

^ta*. 

conditional  term  aero,  we  obtain  bo. 


1,  8,  and 


the 


Thus 


{1,8,  9,  {0)}  i 


-  ,34-<? 


and  not  be,  as  obtained  above. 

In  the  case  when  it  is  necessary  to  retain  *31  possible  funda¬ 
mental  particular  solutions,  we  must  obtain  two  simplified  laraiuas, 
corresponding  to  the  maximum  and  minimum  valuer  o*.  toe 
solution,  x.g.,  with  all'  the  conditional  numbers  and  without  them, 
and  by  comparing  these  two  solutions  write  down  the  general  solution, 
TitiXB}  for  the  last  example  ve  obtalxx 

fmm  **  tf  $  (fl  4  4  -j-  ZQ  4  ^ 

/m»*  «a  6  a  4  6$  4* 


KftftOO 


+  ?  -  oe  .  « (6  4  *  ) 

f  a  4*  ^  — y — - 


In  this  case  the  simplest  network  of  class  Tf  will  correspond 
to  the  expression 


n  HETBC©  OF  SIMKJFXIKS  EXfKESSICNS  WITH  -THE  AID  OF 
MEHIMIZIHG  MAPS 

Another  method  of  simplification  is  writing  down  the  ex¬ 
pressions  with  the  aid  of  the  so-called  minimising  maps  /L13/. 
This  method  is  applicable  .for  solutions  which  do  not  have 


at< 


oozriitlonal  terms.  la  the  present  -work  m  shew  its  use  for  the  i 

simplification  of  the  general  solution, 

A  minimising  reap  far  a  network  consisting  of  a  relays  is  a 
table  having  2s  rows,  each  of  which  corresponds  to  one  constituent, 
and  2®  -  1  columns,  oorraspordiag  to  nominations  of  the.  products  of 
variables  taken  1,  2,  3,  n  at  a  time.  In  each  cell  of  the 
table  are  written  down  the  variables  which  enter  into  the  given 
column  in  those  states,  in  which  they  enter  into  the  canstltuant  of 
the  given  row.  Fig,  36  shows  a  minimising  map  for  a  »  3, 

Fat  our  case  we  eaa  recommend  the  following  sequence , 

1*  We  cross  out  all  the  rows  corresponding  to  the  constituents 
which  do  not  enter  into  the  given  expression* 

2.  In  each  column  the  crossed-oufc  combinations  of  the  vari¬ 
ables  are  crossed  out  .  also  in  the  remaining  rows, 

3.  Ha  verify  all  the  uncrossed  rows  and  in  those  rows  which 

contain  only  one  each  of  tisa  uncrossed  combinations  with  a  minimal 

number  of  variables,  we  frame,  these  combinations.  We  also  frame ;• 

all.  such  ; . 

combinations  in  each  coitraa.  Each  such  combination  is  called 

“essential*1  and  should  enter  into  the  resultant  expression. 

4.  in  the  uncrossed  rows,  in  which  there  are  no  framed; 
combinations,  there  will  be  several,  uncrossed  combinations  with 

a  minimum,  number  of  elements.  These,  combinations  are  called  “free,** 
and  one  of  them  may  be  included  in  the  result.  We  enclose  enclose 
all  tbs  free  combinations  of  each  row  in  a  common  frame  (inside 


t he  frame  there  may  be  also  crossed-out  combinations,  vhleh  we  sh&ll~j 
disregard),. 

5,  The  result  is  written  as  a  sum  of  all  the  essential  combina¬ 
tions,  to  which  we  add  the  free  combinations,  written  in  the  form  of 
eauivaienees, 

,  i- 

Tbs  resultant  expression  will  correspond  to  the  maximum  value  ’ 
of  the  sought  solution. 

We  then  cross  out  the  rows  corresponding  to  the  conditional 
terms,  and  in  analogy  with  the  foregoing  find  new  essential  and  .free 
combinations  (for  the  sake  of  clarity  we  shall  circle  these  )  with 
a  minimum  value  for  the  sought  solution. 


From  a  comparison  of  both  solutions  we  obtain  a  simplified  nota¬ 


tion  far  tbs  general  solution. 

In  the  case  when  it  is  necessary  to  obtain  only  the  simplest 

if" 

expression  for  the  construction  of  a  class  "  network,  operations 
1  and  2  are  followed  by  a  choice  of  combinations  from  only  the 
rows  of  obligatory  terms,  disregarding  the  rows  of  the  conditional 
terms. 

Fig.  36  shows  the  determination  of  the  simplified  notation 
of  the  function 

f  >»  (3,  f  7, {/,  6)}&£;a  -j-  aGa -f- ----- -f  , 

(5.30) 

Grossing  out  the  rats-  corresponding  to  constituents  0,  2, 

5  and  carrying  out  the  choice  of  the  remaining  combinations,  we 


/S'd:-' 


5  obtain 


f  mss  ~  GS  -j~  Ct0~l~$  ~- 


Thea  after  crossing,  out  the  conditional  constituents  uith  nusoers 


1  and  b 


oo  ~j~  a  60. 


Comparing  thee®  expressions,  us  obtain 


f  "  j6  . 


*  4-  „  _f 5  _  _  iL  a° 

1  aa-pdiL  1  '  &ii  +  Ce 

e 


{5.3 1} 


Far  simplification  in  the  compilation  of  the  map  we  oan  rf. 
reocwad  that  in  each  cell  we  write-  not  the  combination  of  vari¬ 
ables,  but  the  number  corresponding  to  the  am  of  the  weights  of 
those  variables,  which  are  located  in  the  particular  cell  without 
inversions.  By  way  of  an  example  of  each  a  notation.  Fig.  37  shows 
the  transformation  of  the  expression 

f  «  {/,  7,  S,  9,  10,  12,(0,  6.,  It,  13,  14, 15))rBBA- 
From  this  map  wo  obtain 
-  •  fm«  ^Z-r  6  8  +  68, 


m  4 a  6  0  -f-  a  m  -j-  a6$z  ■*  a  (de  +  ^  (0  +  a) . 

hence 


a  {&  -f  «} 


f  \x>  0  4“ 


When  the  number  of  variables  is  n  ,>  4,  the  use  of 
minimizing  maps  becomes  difficult  because  of  their  cumber soreness. 


1  When  the  volume  of  work  is  large,  It  is  recommended  that  the  maps  ~1 
be  prepared  beforehand  or  that  one  map  be  used  in  connection  with 
tracing  paper. 


•  8.  METHOD  .OF  SIMPLIFFim  THE  EXHH.3SI033S  WITH  THE  AID  OF 

•  STENCILS 

To  simplify  the  expressions,  an  original  method  is  proposed 
for-  minimization  of  notation  with  the  aid  of  "contact  grids" 

—  special  stencils  ./56/„  '  : 

For  minimization  of  a  function  written  down  in  the  form  of  a 
"coordinate"  table  (Chapter  2,  Section  3),  A.  Svobada  proposed  the 
use  of  a  special  stencil  ("grid")  for  each  variable  contained  in 
the  formula  (or  its  inversion),  with  cube  in  those  rows,  which 
correspord  to  these  variables.  Thus,  for  the  six  variables  x^, 
x2>  x3»  yp  y2,  and  y^,  the  general  form  of  the  coordinate  table 
is  shown  in  Fig.  38,  and  the  corresponding  stencils  on  Fig.  39. 

The  same  stencil  is  used  for  the  inversions,  but  is  rotated  by 
180° .  By  making  up  several  stencils  end  placing  them,  on 

the  tables,  we  see  in  the  holes  the  cello  of  those  constituents, 
which  enter  into  the  formula,  corresponding  to  the  product  of  the 
variables,  denoted  on  the  upper  and  right  sides  of  the  stencils. 

Thus,  Fig0  40  shows  the  eight  constituents  corresponding 
to  the  expression  x^,  Xj,  y2. 

The  process  of  minimization  reduces  to  the  following.  The 


SdT-7 


/<r# 


1  simplified  function  is  written  in  tbs  table  with  marking  for  the  f 
obligatory  and.  conditional  con3titw>nts.  The  stencils  are  then  chosen 
such,  that  whan  they  are  placed  on  the  table,  one  sees  through  the 
hales  as  .many  obligatory  and  conditional  constituents  as  possible, 
i  and  not  one  of  the  forbidden  ones  is  seen.  Tbs  expression  read  with  • 
the  aid  of  tha  stencils  is  written  as  one  of  the  terms,  and  the 
designations  seen  in  the  holes  are  crossed  out  and  are  henceforth 
considered  as  conditional.  This  process  is  repeated  until  all  the 
obligatory  constituents  are  crossed  out. 

To  simplify  the  process,  A.Svoboda  recommends  that  each  con¬ 
stituent  be  assigned  a  "weight"  —  the  nuafcar  of  available  neighboring 
obligatory' or  conditional  constituents  —  and  that  the  choice  begin 
with  the  constituents  having  the  maximum  weight. 

This  method  can  also  be  used  to  expand  formulas  into  con¬ 
stituents. 


9.  Additional  Equivalences  that  Follow  from  the  Operating 
gegasace  of  the  Relay 

In  certain  eases  it  becomes  necessary  to  use  equivalences 
/16/  for  specified  sequences  of  operation  of  the  relays.  These 
equivalences  can  be  readily  obtained  by  using  tbs  concepts  of 
greater  and  smaller  circuits  given  above.  Thus,  for  example, 
relay  A  always  operates  before  relay  B,  and  drops  out  later,  i.e. , 
if  the  number  of  states  in  which  the  relay  A  operates  is  greater 


1 


a6«st  Q,  n~f<5=»it 

06  =2=  e  0  —a  ■ 

,,  a6=a  a,  a -f- 6  xs&,  )  '  (5.34) 

Analogous  equivalences  can  ba  obtained  also  for  circuits  with 
t  a  greater  number  of  relays,  Thus,  in  tha  case  when  relays  A,  B,  and 

t  ’  *■  ' 

•C  never  operate  simultaneously,  i.e„,  tha  following  system  of 
inequalities  holds 

ad  <  « ~  oe<B"  min  &?<o. 

-  #9**’+’  * 

Proa  this,  for  example,  follows 

-  _  ■  -.ft 

c6s  »  0,  a  -f~  6-f- «  «=  1,  1 

aSa^ad,  a +  6  +  8  **  a  + 6,  '  (5 .35) 

etc, 

will  be 

The  txse  of  these  equivalences  is  illustrated  when  an  example 
of  the  synthesis  of  a  network  for  transmitting  a  number  from  the 
relay  RA,  KB,  EC,  ED,  RE,  and  RF  by  means  of  a  counting  network  of 
a  relay  register  of  commercial  equipment  /122,  129/  to  four  fixing 
relays  over  circuits  I,  II,  III,  and  IV, 

The  operation  of  the  network  is  specified  in  Table  13, 

It  follows  from  the  table  that,  for  example,  circuit  I  should 
ba  closed  when  the  number  1,  3,  5,  7,  or  9  is  chosen,  i.e,, 
the  formula  of  the  circuit  of  this  relay  will  be  (we  discard 
the  letter  R  for  simplicity) 

/1  as-  aOsede  -j*  ade  zde  -f  aduzde  4*  aSszde  +  06  e  zde. 

1 

/ 


~L. 

Table  13 


1 

- -—2}— 

I  Cwt»ww»  ptXe 

-■■'“"37" 

Ik  fiojamtt*  aww 

Kpns 

K 

•*  « 

L  PH  PO  PT  Pit  Pi 

•vj,  fi*j  Se. 

V  ’St 

|  i  is  tu  if 

£  & 

[RA  R  a  RC  RJD  RE  Rf. 

1 

1 

4  | 

1 

[+  ■  + 

^  i 

■t  1 

\  4*  4 

3 

+ 

j  4  4 

\ 

4 

j  »*»•» 

5 

« 

4 

^  'A* 

7  | 

!  4-  1“ 

4.  4.  .4 

H 

.+  ..  ,  + 

4 

is 

4-  4* 

+ 

0 

4-  4- 

4 

* 

T\*.  , 


ed  number.  2} 


counting  relay, '3}  actuating  circuits. 


Since  according  to  tin  operating 
only  one  of  tbs  relays  A,  B,  C,  D,  or 
cannot;  operate  simultaneously  with  F, 


conditions  for  the  network 
2  can  operate,  and  relay  E 
then  according  to  (5133 ) 


and  corse ous.ntlv 


gost’d—  a,  a6»M  —  0  is  ooazoe  =  d. 


jf  \  —  ae  -f  #?  4-  -f  ae  -f-  se  ~  a  4-  #+<>. 


Analogously  we  obtain 


(the  detailed  construction  is  shown 


.&/, 


PI?  66 


6B). 

/>,  =  (6  -4-  -f  o«e; 
f  ill  =r  0  4"  4* 

f  |v  di*  4*  ^  4"  fl 


than 


tie 


the 


corresponding  network  (Fig.  Ala)  has  nine  less 
same  network  in  the  existing  register  (Fig.  41b 


1 

i 


* 
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Chapter  6 . 
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ASSEMBLXES  0?  NUMJEfSS  AND  THEIR.  miKFCErATIOMS 

1.  Basic  Definitions 

As  shown  in  Chapter  2,  the  operating  conditions  of  a  contact 
network  can  be  written  iia  the  form  of  assemblies  of  numbers  of  those 
states,  in  which  the  given  circuits  should  or  could  be  closed. 

With  this,  the  number  of  state  is  taken  to  mean  the  sum  of  the 
weights  q.  =  2  '  of  those  relays  of  the  network,  which  operate 
in  the  given  state* 

The  sequence  of  arrangement  of  the  numbers  within  the  obliga¬ 
tory  arid  conditional  parts  of  the  assembly  is  of  no  significance, 
as  follows  from  the  correctness  of  the  commutative  law  for  con¬ 
tact  networks,  and  therefore  for  the  sake  of  convenience  we  shall 
write  the  numbers  in  the  assemblies  in  increasing  order.  Thus,  a 
circuit  which  should  be  closed  in  states  with  numbers  7,  0,  and  2 
can  be  closed  in  states  with  numbers  5  and  1,  will  be  written  in 
the  fora  of  ths  assembly  f  =  j  0,  2,  7(1,  5)}  . 

An  assembly  of  obligatory  and  conditional  numbers  corres¬ 
ponds  uniquely  to  the  notation  for  the  general  solution  in  the 
farm  of  the  sum  of  obligatory  and  conditional  constituents! 

.  ! 


.JL 


“I 


f  -  -f  -  4-  K  4-  "o"  4*  ir  4"  -4- 


{n«»  %>  •  •  •  >  v  (t*i.  !»*.  ■  *  Hs>js 1=3 1^’  (M)}* 


(6.1) 


uhei'e:  — ■  obligatory  numbers  (i  ~  1>  2,  r)j 

'  {  A* 

ZA .  —  conditional  numbers  (j  ~  1»  2,  ...»  s) 

/J 


k  and  ku  —  ecnstitvnats  corresponding  to  these 

fi  /  j 


numbers; 


E  —  assembly  of  obligatory  numoers; 
jy?  »,_  asssmbXy  of  conditional  numbers; 
r—  number  of  obligatory  terms?  . 

,  g  ., — .  number  of  c ote itional  ■oerms; 

■  g  base. 

As  will  be  shown  later,  assemblies  of  numbers  servers  the 
basis  of  the  graphical  construction  of  contact  networks  (Chapter  7). 
Ms  shall  dwell  therefore  in  greater  detail  on  operations  with  these 
assemblies,  but  we  first  introduce  several  supplementary  oefinit-ons. 

Me  note  first  of  all  that  in  the  general  case  the  numbers  of 
states,  and  consequently  the  assemblies  also,  o tenge  xur  a  given 
network  depending  on  the  order  with  which  the  weights 

(numbers)  ar^assigned  to  individual  relays  of  the  network.  The 
chosen,  order  of  assigning  weights  to  the  relays  will  be  called  the 
base  ate  va  shall  agree  to  write  it  in  the  farm  of  a  list  of  the 
relays  with  decreasing  weight.  Thus,  for -example,  when  tne  base 


is  written  DCBA  this  means  that  the  relay  D  has  a  weight  8,  relay 


Hbas  a  wight  4,  relay  B  has  a  Wight  2  and  relay  A  has  a  weight  1.  “1 

We  shall  agree,  when  necessary,  to  write  down  the  base  in  the  form,  of 
an  .index  far  the  assembly  after  closing  the  curly  brackets.  In  the 
case  when  the  sequence  of  assignment  of  the  weights  is  immaterial, 

;  and  it  is  important  merely  to  note  the  number  of  relays  in  the  network, 
a,  this  number  will  be  written  in  the  farm,  of  an  index  instead  oj. 
the  base.  -  ■ 

An  assembly  which  contains  all  the  2n  numbers  of  states,  0, 

1,  2,  2°  -  1,  will  be  called  complete.  If  all  the  numbers  are 

in  addition  obligatory,  such  an  assembly  will  be  called  absolutely 
complete.  This  assembly  corresponds  to  a  constantly  closed  circuit. 


(CM,..., 2"  —  1}  *  t. 


(6.2) 


An  assembly  which  contains  not  a  single  obligatory  number 
will  be  called  empty.  If  in  this  case  there  are  likewise  no  con¬ 
ditional  numbers,  such  an  assembly,  consisting  constantly  of  an 

open  circuit,  will  be  called,  absolutely  empty 

{--  (— )}  35  (6.3) 


States  in  which  the  given  circuit  cannot  fee  closed  will  fee 
called  forbidden.  The  number  of .such  states  will  be  2  -*(r  +  s). 
Starting  with  the  definition  of  the- conditional  numbers,  wa  can 
say  that  in  states  with  these  numbers  the  circuit  can  bs  opened. 
In  other  words,  each  circuit  can  be  characterized  also  by  an 
assembly  of  numbers,  in  which  it  should  be  or  could  be  opened 


r 


N,  V4, . .  .  ,  VA,  (in-  . . Ml*  (6.4) 

n  \ 

vhere  >?  *  arc  the  .forbidden  numbers  (i  «  1,  2,  ...»  P  =  2  '  r  ~  si‘ 
In  analogy  with  the  statements  made  in  Chapter  5  regarding 
general  solutions,  we  oaa  say  that  the  notation  far  any  circuit  in 

the  form 

(6.5) 


corresponds  to  the  inequality 


I «  {N,  (At)} 

M}, 


(6.6) 


i.e.,  an  assembly  consists  of  only  obligator/  numbers  is  the  least 
mine  of  the  circuit,  written  by  formula  (6.5),  an 'assembly  that 
inclirias  all  tte  obligatory  and  conditional  numbers  is  the  largest 
value  of  this  circuit* 


mt  u 


(AM, 


(6.7) 


For  the  sake  of  clarity  we  shall  represent  this  graphically 
in  the  form  of  so-called  Euler  circles  (Fig.  42) ,  where  the  rect¬ 
angle  is  the  volume  of  all  tte  2*  states,  the  internal  circle  is 
the  smallest  value  of  the  function,  and  the  external  circuit  is 
the  maximum  value.  Tte  boundary  of  the  sotight  function  should  be 
located  in  ths  ring  formed,  by  those  two  circles. 


1 


2.  Basic  Operations  with  Assemblies 

As  with  algebraic  expressions,  one  can  carry  out  mathematical 

H  7 


•  _.L_  ' 

operations  analogous  to  operations  of  algebraic  contact  networks  | 


■with,  assemblies. 


Before  procoding  to  tfcess  operations,  we  note  that  toe  sane 
number  cannot  simultaneously  be  both  obligatory  and  conditional  In 
,  the  same  assembly.  If  any  amber  0(  is  simultaneous ly  In  both  parti 
of  tte  assembly,  it  must  be  excluded  from  the  conditional  part,  as 


follows  from  the  repetition  law 


K  <!>}-*.  +  ■£- 14 


(6.8) 


In  the  formulation  of  individual  operations  with,  assemblies, 
ve  shall  bear  in  mind  that  all  this  pertains  to  assemblies  with  one 
and  the  same  base.  The  question  of  transformations * of  assemblies 
connected  with  the  change  in  the  base  will  be  considered  in.  Sections 
4  to  6  cf  the  present  chapter. 

Considering,  as  is  customary  in  the  theory  of  contact  networks 
that  addition  corresponds  to  a  parallel  connection  of 
circuits,  and.  multiplication  corresponds  to  a  series  connection,  we 
can  establish  the  following  rules  for  operations  with  assemblies. 

A  s®  of  several  assemblies  gives  an  assembly  in.  which  ths 
obligatory  terms  are  the  obligatory  numbers  of  all  tte  terms  of 
the  assemblies  without  repetition,  while  the  conditional  ones  are 
those  conditional  numbers  of  the  terms  of  the  assemblies,  whicn 
were  not  included  among  tte  obligatory  ones  (Fig.  43a). 

This  follows  from,  tte  fact  that  whan  adding  functions  ex¬ 
panded  into  constituents,  the  sum  wxj-1  conoam  all  the  cons-viuuents 


1.4 


s  of  the  terms. 


Thus,  for  example,  .....  .  ,  .  . . 

{l.  3,  5,  (2, 6)>  -f  {4,5,6(2,3.7)}*“  ,  j  :  f'  r. 

— +  *a+ *. -!-TT-t-%+  *.-+-*>+  *.  +  : 

- *,  +  *,  +  *,  +  4,  +  *,  + 1  +  Tf  -  1 1 I •  3-  «•  '<■ «. 

The  product  of  several  assemblies  gives  an  assembly  to  which 
the  obligatory  are  those  ambers  contained  in  the  obligatory  parts 
of  all  the  multiplied  assemblies,  while  the  conditional  ones  are 
the  numbers  which  are  contained  in  all  the  multiplied  assemblies, 
but  which  are  conditional  in  at  least  one  of  them,  (i?ig.  43b). 

The  same  follows  from  the  multiplication  of  functions  e sanded 
in  constituents  with  allowance  for  the  fact  that  k£.kj  «  0  wtea 

i+i"*  K-^-  =  ■ 


Thus,  for  example 

j!,3,5,(2.6)j;{4,  5,  G,  <2,  3,  7)}  «  . 

=*  (*i  +  4,  +  4S  4-^  4 4")  (*'  +  ff*  +7i"  +  F"f%)  ^ 

=  *.  +  %-+ -s-  4- 5 !r>-  ‘2- 

If  we  denote  by  1  the  presence  of  Boras  number  in.  the  obliga¬ 
tory  part,  by.  1/2  its  pcs  seme  in  the  conditional-  pert,  and  by 
aero  its  absence  from  the  assembly,  the  position  of  this  number  in 
the  restilt&nt  assembly,  after  addition  or  multiplication,  can  be 
characterised  by  the  following  tables  (to  the  first  column  and 
the  first  row  arc  indicated  the  values  of  the  numbers  in  the  initial 
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assemblies,  and  at  the  intersection  of  the  corresponding  rows  and 

columns  are  the  values  of  the  number  in  the  resultant  assembly) j 


In  the  case  of  inversion,  me  obtains  the  circuit  whose 
structural  admittance  is  the  inverse  of  the  admittance  of  the 
initial  circuit,  i.e.,  a  circuit  which  should  be  closed  in  those 
states  when  the  initial  circuit  is  open,  and  vice  versa.  It  follows 
therefore  that  MF® ;  inversion  the  obligatory  part  of  the  new 
assembly  will  contain  all  the  numbers  which  are  complements  of 
the  inverted  assembly  (l.e.,  the  forbidden  numbers),  while  the 
.conditional  parts  will  contain  the  conditional,  numbers  of  the 
inverted  assembly  (Fig.  43c},i.e.,  the  presence  of  any  particular 
number  in  the  resultant  assembly  is  determined  upon  inversion 
by  the  following  tables 

**  1/2  t 

I  1/2  0  * 

For  example,  if  f  "  1,  3(2,  ..b)  ,  then 

•;4  {TT-'i.  w>  6)1 »  {0,  4,  5,  7,  (2, 6}}. 

The  sum  of  the  initial  fraction  and  its  inversion  gives 


#£<j&9$tUts •  assembly,  s*si  the  product  gives  an  empty  asseafl>3ys 

/  -f  /  =  {0,  1,  3 ,  4 ,  ,5,  7,  (7,  $)); 

Addition,  multiplication,  and  inversion  of  assemblies  with 


obligatory  and  conditional  nanfoers  o  acre 


s  to  analogous  opera¬ 


tions  in  three -valtiad  logic  /l  to  4 ,/,  in  which  one  half  if  taken 
to  mean  !inot  determined,” 


3,  coins iding  assemblies  and  usificatios- 

We  ■  now  introduce  another  concept  and  operation,  which 

we  did  not  encounter  in  the  algebraic  notation  for  circuits,  but 
which  are  very  Important  in  the  graphical  method  of  construction 
of  contact*  networks. 

Assemblies  of  -which  the  obligatory  number  of  any  assembly 
are  completely  contained  in  each  of  the  remaining  assemblies,  although 
among  the  conditional  ones  there,  will  bo  called  coincidents  Pea? 
example,  the  assemblies  ^0,  2,  7(1,  3)},  {  0,  1,  7,(2,  5,  6)} 
and  {l,  2, (0,  5,  7}  J will  coincide, 

From  the  definition  of  the  coinciding  assemblies  it  follows 
that  the  assemblies 


h  =  {Nu  (M,)}. 


k . . 

/s“=l^(AfA)j 

(6,9) 

will  coincide  if  the  following  inequalities  are  satisfied  (Fig.  44a) 


or 


(6.10) 


_L. 

m  <{NJt  Mj)  \ 

‘  4ni  p  i /m«x  I 

for  all  the  assemblies  f^  and  £  (i  rp.  j). 

j 

flrora  t-te  definition  of  coins! ding  assemblies  it  foxlcws  ttet  L 
aaong  tbs  obligatory  numbers,  of  each  of  ttese  assemblies  thars  are 
no  forbidden  numbers,  pertaining  to  circuits  corresponding  to  other 
of  these  assemblies.  Thus,  far  the  circuits  given  above,  the -numbers 
3,  i,  6}  3,  4,  and  3,  4,  6  will  be  forbidden.,  and  these,  as  we  see, 
do  not  enter  into  the  obligatory  parte  of  any  of  the  assemblies.  For 
contact  circuits  this  means  that  it  is  possible  to  find  a  circuit 
which  will ’ satisfy  each  of  the  coinciding  circuits*  In  otter  words, 
the  circuits  written  down  in  term  of  the  coinciding  assemblies  can 
ha  unified  and  replaced  by  one  common  circuit,  which  should  not  close 
in  all  the  states  with  forbidden  numbers  of  each  of  the  joined  cir¬ 
cuits. 

The  operation  of  finding  such  a  unified  circuit  will  be  called 
unification  and  will  be  noted  by  the  symbol  <£>  . 

Unification  can  bo  considered  as  finding  the  general  solution 
for  all  particular  solutions,  satisfying  simultaneously  all  the 
general  solutions  that  are  to  be  unified. 

The  unified  circuit  f ' °  a  °  ,  (M  °  )|  for  the  coin¬ 
ciding  circuits  fx,  fa»  %  should  satisfy  each  of  the  cir¬ 

cuits  to  be  unified,  i.e.,  the  following  system  of  inequalities 


/  .?  y 


should  be  satisfied 


^'min  < /c></imix, 

fZmin  ^  t°  <  f-m.tr,  • 


Kin  </°</* 


m»fc. 


(6.11) 

It  follows  from  the  left  part  of  the  system  (6.11)  that  the 
minimum  value  fmi  n  of  the  unified  circuit  f O  should  be 

^£i»  “  ftmia  f  min  *  *  '  HH  f *®8a  ssss  il  ^**»  * 

M  (o«X2) 


The  maximum  value  f|^x, 
half  of  system  (6.11),  will  be 


on  the  basis  of  the  right 


**  *  * e  /*ia*ss  ^ 


m«a 


/am  j 


(6,13) 


In  other  words,  the  unified  circuit  should  satisfy  the  in¬ 


equality 

2  f*  »!),  <  f°  <  n  «a*“ 

1**$  i(K§ 

(6.14) 

This  leads  to  a  rule  for  obtaining  &  unified  assembly,  in 
which  the  obligatory  numbers  are  all  the  obligatory  numbers  of  the 
unified  assemblies,  and  the  conditions!  ones  are  the  conditional 
numbers  which  are  repeated  in  each  of  these  assemblies. 

In  otter  words,  in  unification  the  obligatory  part  equals 
the  sum  of  the  obligatory  parts,  while  the  conditional  one  is 
the  product  of  the  conditional  parts  of  the  unified  assemblies. 


//¥ 


rThe  action  of  unification  can  be  cWacteriaed  by  means  of  the  graph-] 
of  Fig.  44b  or  tbs'  following  tables 


i  v*  o 


i 

1  1  i  '  — 

*/* 

1  %  V*  0 

0 

-  o  u 

Thus,  for  example, 

JO,  2.  4,(3,  6)j*(0f  3,  4,(2,  5,6)]- (2,  3.  (0.  4.  H°>  2*  3*  4l(6)l* 

'  4,  lEAl^FCaMTIOH  OP  ASSEMBLIES  UFOI  CHANG®  -OP  BASS 
When  .the  base  is  changed  the  .numbers  of  the  states  also  change, 
and  consequently  the  assemblies  and  the  networks  can  also  change. 

The  change  in  the  base  car,  be  due  either  to  transposition  (rearrange¬ 
ment)  of  its  elements,  or  by  changing  tbs  number  of  relays  in  the 

network,  - 

Upon  transposition  of  the  base,  the  sequence  with  which  the 

relays  ere  numbered  changes,  and  consequently  their  weights  change. 
Since  the  number  of  elements  remains  the  same  in  this  case,  the 
number  of  different  sequences  of  numbering  (number,  of  different 
bases)  In  a  network  consisting  of  n  relays  will  be  the  number  ox 
permutations *  of  n,  i.e. ,  nl .  In  each  transposition  part  of  the 
number  changes  in  accordance  with  a  defxnxte  law. 

Thus,  for  example,  if  we  use  the  base  ABC  instead  of  the  bass 


r  gBa,  corresponding  to  a  change  in  the  weight's  of  the  relays  C  and  A,  1 
the  following  transformation  of  numbers  takes  place  • 

B  B  A  0,  i,  2,  3,  4,  5.  6,  7 
A  B  B^IXXXTXX  7' 

■  If  ve  change,  however,  to  the  base  ACB,  the  transformation  of  ^ 
the  numbers  will  bs 

B  B  A  0.  1,  2,  3.  4,  5.  6,  7 

A~W~B 07 175,  X’OT? ’ 

In  these  transpositions  of  the  base,  the  assembly  ^1,  3,  h 
(2,  6} y  CBA  will  be  correspondingly  changed  to 

{1,  3,  5,  (2,  6)}bs4  ~  {4,  5,  6,(2.  3))^B  *  (4,  5,  6,  (I,  3)/ lB*. 

Without  dwelling  on  the  general  laws  of  change  in  numbers  upon 
transposition  of  the  base,  we  note  that  the  smallest  (aero)  and 
the  largest  (2°  -  X)  nurobers  do  not  change  in  any  transposition. 

The  situation  will  bo  different  as  regards 

change  of  numbers  if  the  number  of  relays  in  the  network  is  changed. 

Thus,  if  there  is  a  certain  circuit  f  mads  up  of  contacts  of 
n  relays,  anti  we  wish  to  add  to  the  network  one  more  relay  X  with 
weight  qn  4,  i  ~  2n  without  changing  the  circuit,  we  must  add  to  the 
circuit  f  the  parallel-connected  make  and  break  contacts  of  the 
relay  X.  In  other  words,  the  new  circuit  can  be  represented  in  the 
form  of  two  parallel  circuits,  differing  only  in  the  fact  that  one 
of  them  contains  in  series  the  break  contact  of  relay  1,  while 
the  second  contains  the  males  contact.  This  is  equivalent  to  saying 


_.L.  * — i 

ftbat  each  number  0(  ,  contained  in  the  aasoaMy  of  tbs  circuit  f 

in  the  old  base,  changes  into  two  numbers  when  the  relay  X  is  added 

to  the  base:  ,  corresponding  to  the  state  in  which,  the  relay  X  does 

not  operate,  and  o(t  qft  +V1  corre  spend  lag  to  the  state  in  which  the 

;  relay  X  operates.  ■  ■  J- 

Thus,  the  assembly  1 0,  2,  5(3,  6)|,Qgjt  becomes  the  assembly 

{o,  2,  5,  3,10,  13  (3,  6,  11,  14)  JXCBA  yhen  a  rel^  of  veight  8 
is  added. 

lii  the  general  casa,  when  m  relays  are  added  to  tin  network,, 
each  number  <  goes  into  2n  numbers  by  adding  to  it  all  possible 
sums  of  the  weights  q  -  q  5  •  ••»  'W'  +  m  of  tte  added  relays, 

0  JL  u  T  d  r 

1. e*,  it  produces  the  aeries 

«,  *  +  q*+m.  «  +  <?«*: +  </«+*•••’ 

a  -j-'qr.+i  4-  -  f 

Thus,  when  two  relay?  X  and  X  with  weights  8  and  16  are  added 

1c  the  network,  the  assembly  |  0,  2,  5(3,  &)J-CBA  becomes  the  assembly 

|^0,  2,  5,  8,  10,  13,  16,  18, 

21,  24,  26,  29,(3,  6,  11,  14,  19,  22,  27,  30 )}yxw;.t« 

If  tbs  added  relays  are  assigned  the  least  weights  1, 

2,  ...,  2n  ..  x,  then  the  weights  of  the  basic  relays  are  corres¬ 
pondingly  increased  by  a  factor  2a,  and  consequently,  each  number 

will  go  into  the  series 

fit-2"*,  a- 2”+  1,  a= 2*  +  2,...,  a-2*-f  2*—  1. 

Thus,  for  example,  in  the  network  containing  two  relays  with  ^ 

/77 


1  base  IX  there  exist  a  circuit  with  the  assembly  £  1,  (2)  j-,  then  ~1 
upon  addition  of  three  relays  A,  B,  and  C  with  weights  1,  2,  and  A 
the  weights  of  the  relays  I  and  X  should  be  Increased  by  a  factor 
2^  —  8,  and  consequently  the  assembly  1 1,  (2)  goes  into  the 
j  assembly  -^8,  9,  10,  11,  12,  13,  14,  15(16,  17,  18,  19,  20,  21,  22,  23} 


jriXGBA 


Using  these  rules,  we  can  obtain  a  general  numbering  for  the 


ease  of  jo.ln.ing 


of  several  circuits  with  different  bases  into 


a  common  .  ~  network., 


Thus,  for  example,  if  one  connects  in  series  the  aforementioned 
circuits  ^0,  2,  5(3,  6)  ^  and  |l(2)J  y-r,  then  the  common  circuit 
will  be  determined  by  the  assembly  which  is  the  product  of  the  two 
assemblies,  reduced  to  the  base  XXCBA,  i„e„,  |s,  10,  13(11,  14,  16, 

10-  1  Q  Ol  \ 

‘  IXCBA*  . 

St  is  easy  to  verify,  lining  the  rule  for  the  transformation  of 
numbers  when  changing  the  basle  and  multiplying  assemblies,  that  in 
the  case  of  a  series  connection  of  circuits  with  assemblies 


h  -  {%*  %  *  *  - «  • *  *  *  ?.*))*«. . . . ,  xt 

iK  M},. ......  r. 


...r. 


(6.15) 


Ixx  the  case  of  the  new  base  Xn,  X2,  Xls  Iffi,  I2,  21  each 

of  the  obligatory  numbers  4^  of  the  assembly  will  yield  r* 
obligatory  numbers,  determined  from,  the  formula 

V<2**-f  a/  (<  «•  />, 


and  s’  conditional  numbers 

V^  +  P/f/*5’ 1.  2,...,  s'). 


"1 


Bach  conditional  number^*^  of  the  asseuibly  goes  into  r*  4*  s’ 

conditional  numbers 


and 


+'!>/ 


r 


Thus,  the  obligatory  part  of  the  assembly  of  the  overall  cir¬ 
cuit  will  have  r.r*  obligatory  numbers  and  rs'  +  sir1  f  s')  condi¬ 
tional.  numbers* 


r  r< 


f  '  V 


•!  U  1 


f-/i/*-|:22(v2"  +  *'M  2S<V2*  +  P>  2  £(*-2*  +  «/). 

v  \M  -  i*zti**  i 


22  "‘<•2-+^ 
J  J  /«J  ; 


*« . »•  (6.16) 

Thus,  for  example,  when  circuits  with  assemblies! 0,  2,  5, 
IX 


<3’  6,}oBA  “4{1(2)j 

the  following  assembly 


we  obtain  with  the  new  base  CBAXX 


{1.  9,  2S,  (2,  !«,  13,  14,  22,  25,  26}}e^yx. 

In  the  particular*  case,  when  the  assembly  contains  only 
one  obligatory  number  i,  the  assembly  of  the  overall  circuit 

contains  r  obligatory  and  s  conditional  numbers,  where  each  number 
/  of  the  assembly  f^  goes  into  tha  number 

K'sT-fS *  +  ».  (6.17) 

We  now  examine  the  change  that  will  be  produced  in  the 
assemblies,  if  soma  relay  is  eliminated  from  the  network.  As  is  well 


np&0W&#  on  fch©  basia  of  the  expai^eloh  formula  (4*15a)t  | 

/  (a,  ft, ... ,  w)  —  af  (1,  ft, ... .  #i)  4*  af  (0,  ft, ... ,  «)» 

W©  can  separate  out  of  any  circuit  ©  transfer  contact  of  one  of  the 

relays. 

In  other  words,  any  circuit  can  be  represented  as  a  parallel 

r 

connection  of  two  circuits,  one  of  which  is  connected  in  series 
with  the  make  circuit  and  the  other  with  the  break  circuit  of  any¬ 
one  of  the  relays  of  the  network.  If  the  circuit  is  specified  by 
means  of  an  assembly,  than  to  separate  out  the  transfer  contact  the 
assembly  must  be  broken  up  into  two,  one  containing  the  numbers  of 
the  states  in  which  the  separated  relay  does  not  operate,  and  the 
other  in  which  this  relay  does  operate. 

Thus,  when  the  contact  of  a  relay  with  weight  1  is  separated, 
the  first  assembly  will  contain  all  the  even  and  the  second  all 
the  odd  numbers.  For  a  relay  with  the  maximum  weight  qQ,  the  first 
assembly  will  include  all  the  numbers  from  aero  to  -  1,  and  the 
second  the  numbers  from  the  relay  weight  and.,  higher. 

In  the  general  case  ths  relay  with  weight  q^  does  not  operate 
in  states  with  numbers  from  2  to  (2^+  l)q^  -  1,  and  operates 
in  the  states  numbered  (2  ^  +  l)q^  to  (2^+  2)q^.  -  X,  where  = 

0,  1,  2,  2n  ~  Vqi  ~  1*  ^  list  of  the  numbers  of  states 

in  which  the  relays  with  weights  from  1  to  16  operate  and  do  not 
operate  are; given  in  Table  14  and  in  Fig.  45. 

Thus,  the  circuit  specified  by  the  assembly  f  N,  (M)^  (Fig. 46a) 


$ 


it  st  s>  ?>  4  %  li  ft 


&  *  $,  f  0t  #**&$. 

1,  3,  6,  7,  ?fe  ff.  W,  ft,  tf.  ffi. 

?.  «.  i,  g,  a  «,  *%  ft.#  m#, 

4>-7,  t$“t&,M-23.**m% 


5  r 


£-ft,  »-3? 


ft 


f~7,  ft-tf 


0-« 


Pig. .45* 


_  />/  _ 


“1 


1  can  be  represented  as  a  parallel  connection  of  two  circuits  with 

assemblies  j%,  (^ ) }  and  |n  (Mj)  J- f  of  which  the  first  contains  only 
circuits  closed  la  those  states,  in  which  the  relay  &£  with  weight 
operates,  and  the  second  those  in  which  it  does  not  operate  (Fig.  46b). 
1  If  we  new  separata  the  transfer  contact  of  relay  A^,  there  remain  '  j- 
two  circuits  fl  and  f.2  (Pig.,  46c),  mad©  up  of  contacts  of  the  re¬ 
maining  relays,  i.e.,  having  a  new  base,  differing  from  the  base  of 
the  Initial  circuit  by  the  absence  of  the  relay  A^. 

if  in  the  new  base  all  the  elements  are  placed  in  the  earn 
sequence  as  in  the  base  of  the  initial  network,  i.e.,  the  numbers 
from  A^  to  Aa_  remain,  and  the  numbers  of  the  relays  from  A^  +  -j. 
to  An  are  reduced  by  one,  then  the  numbers  of  the  sets  j  and 

^  N2, <M2)}  should  be  changed  in  accordance  with  the  following  rule. 

The  numbers  of  the  assembly  (F^)  }of  a  circuit  connected  with  the 
break  contact  is  reduced  by  the  amount  ?*.  while  the  numbers  of 
the  second  assembly,  {*2’  (Mj^are  reduced  by  an  amount  (  ^  +  l)qj_, 
where  £.  xs  taken  to  be  the  same  as  in  the  determination  of  the 
numbers  that  enter  into  the  assemblies  of  both  circuits.  The  trans¬ 
formed  numbers  are  shown  in  italics  in  Table  14. 

Thus,  for  example,  if  in  the  circuit  with  assembly  j*0,  2,  5, 

(3,  6)]r CB&  we  separate  the  contact  of  the  relay  B  with  weight  2, 
mb  obtain  t^o  new  assemblies 

\N„  (M,)J  -  (0,5JB;< ,  h  <M,)}={2,  (3, 

.Reducing  to  ths  new  base  CA,  we  obtain  ' 


It  is  most  convoiiLent  to  bring  out  the  contact  of  the.  relay 
with  the  maximum  weight  qn  »  2n  “  In  this  case  the  circuit 
connected  in  series  with  the  break  contact  will  have  an  assembly  with 
numbers  lesser  than  the  weight-  of  the  relay #  vfcrae  the  second » 
connected  in  series  with  the  .make  contact,  vtU  have  numbers  parting 
with  the  weight  of  the  relay  and  higher,  from  which  the  weight  of 
the  relay  is  subtracted. 

fable  .14 


I- 


i  , 


«< 

••Vi 


ftKotafni*  A-. 


i 

a 

4 

s 

is 


Xfff  e  p*<>OT«eT 

ft.2.4,6.S,lD.tt  14,16,18,20,22,24, 28.28. 30 
0,1, 4, 5.8,  0,12, 13, 16, 17, 20,21, 24, 25. 28, 20 
0,1, 2.3,8,  6,10,11,16,17,18,19,24,25.26.27 
0.1, 2, 3.4,  5,  5,  7,16,17,18,19,20.21,22,23 
0,1, 2, 3, 4,  5,  6,  t,  8.  8.10,11,12.13,14,15 
6.!, 2, 8,4,  S,  6.  7,  8.  9,16  11.12,13.14,15 

tfrj  p  »6ot»«t 

1,  3,  5,  7.  9,11, 13, 15, 17. 19.21 ,23,25.27.29,31 

2,  3,  6.  7,10,11,14,15, 18,19,22,23.26.27.30,31 
4  .  5,  6,  7,12,13,14,15.20.21.22,23.28.29,30.3! 
8.  9,10.11, 12,13. 14, 15,24 .25,26.27. 28,29  30,31 

IS,  17, 18, 19, 20, 25. 22, 23,24, 25, 26, 27. 28.  &>.  30, 3! 

0,  7.  2,  3,  5,  6.  7,  8,  9.10.11  J2. 13, 14,  15 


1)  height >  2)  number  of  states  in  which  the  relay  A*, 

3)  doss  not  operate ,  4)  operates. 


Thus,  for  the  circuit  indicated  above  fo}  2,  t>(3,  6)^ 
vhan  separating  the  contact  of  tbs  relay  C  with  weight  4  we  obtain 


r  =  to,  2^)  }0M  and  {*&)}  =  {5,  (6)}  CB&.  Going  over  to“l 

the  new  base,  we  have  f±  =  [o,  2(3)}  and  =  |l{2) 

In  the  second  case,  if  the  contact  of  relay  with  the  smallest 
weight,  1,  is  taken  out,  the  new  assembly  for  the  circuit  connected 
1  with  the  break  contact  will  consist  of  even  numbers  of  the  initial 

•r  r 

K 

assembly,  divided  by  two,  and  for .the  circuit  connected  to  the  make 
contact  it  will  consist  of  odd  numbers,  reduced  by  unity  and  also 
divided  by  two. 

Consequently,  for  the  circuit  SQ}  2,  5(3,  6)  f  we  obtain 

c  J  GBA 

upon  separating  the  contact  of  the  relay  A,  fi  j[o>  1,  (3)  }cg  and 

f2={2,(l)}oB-  ' 

We  note  still  another  factor.  It  if  obvious  that  in  the  ease 
when  the  circuits  fi  and  fg,  which  remain  after  talcing  out  the 
transfer  contact  of  any  relay,  are  equal,  this  contact  can  be 


completely  eliminated. 

Xhus,  if  there  exists  a  circuit  with  an  assembly  £  1,  3,  9, 
11  (2,  10)}  ,  then  upon  separation  of  the  transfer  contact  of 

relay  C  we  obtain  fj  -  f %  =  |l,  3, (2)  j-  pA,  l.e.,  the  relay  C  can 


be  eliminated 


However,  the  elimination  of  the  contact 
is  permi,ssible  also  when  the  circuits  are  cot  equal,  but  have 
coinciding  assemblies.  In  this  ease  the  circuit  f^  and  £2  can  he 
replaced  by  a  circuit  with  the  unified  assembly,  since  the  latter 
satisfies  both  circuits. 

I 

/ty 


n.  Tims*  far  example,  if  a  circuit  with  assembly  jl,  10(2,  3,  8,  9) 
JCg  is  specified,  than  after  excluding  the  transfer  contact  of  relay 
C  we  obtain  f^  -  |'l,  2.(3)  J  and  f^  =  |^2(0,  3.)  J bA*  circuits 

f,  and  f0  have  coinciding  assemblies  and  can  be  replaced  by  a  ear- 
,  ouit  with  unified  assembly  jl,  2;}M,  which  ccrre  spend  sbto  tbs  | 

*  assembly  ^1,  2,  9,  lo}CBA,  which,  satisfies  the  given  circuit* 

The  separation  of  the  transfer  contact  serves  as  the  basis 
of  the  graphic  method  of  construction  of  contact  networks. 


Chapter 


GRAPHIC  METHOD  OF  CONSTRUCTING  CONTACT  NETWORKS 

1,  METHOD  OF  CASCADES 

Algebraic  raethods  isake  it  possible  in  most  cases  to  construct 

^KUh***  1 

contact  networks  of  class  H  to  satisfy  given  expressions.  However, 
as  is  well  known,  the  introduction  of  bridge  elements  in  many  cases 
makes  it  possible  to  obtain  simpler  networks. 

One  of  the  methods  of  going  over  from  the  algebraic  expression 
to  a  bridge  network  Is  tbs  so-called  method  of  cascades  /45/, 
developed  by  G.  N.  Povarov  /4l/«  This  method  is  a  generalisation 
of  the  method  of  synthesis  of  parallel-ser ie s  two-terminal  networks 
with  the  aid  of  contact  trees. 

Tfaa  essence  of  this  method  consists  of  the  following.  If 
there  are  specified  k  functions  of  n  variables:  fllxj.,  x2, 
xTi } ,  ...,  fk(xif  x2,  ...»  xn),  characterizing  the  structural 
admittance  of  k  outputs  to  one  input,  then  for  each  of  these 
functions  f^(xi,  x?,  *, ,,  xn)  one  cars  separate  a  transfer  contact 
of  one  of  the  relays,  far  example, 

ft  (Xu  X2,  X„)*=Xif;  (l,  X, . ■*„)  +  Xji  (0,  Xt . X„). 

The  functions  remaining  after  separating  the  variable  can 


‘  be  written  as  mv  tvmtiom  of  a  -  1  variable ,  I*©*,  ^ 

fa  i  {^2>  *  *  •  >  *  *  •  »  fak,  (*^2*  %:t*  5  *  '  *  *^/*K 

vhere  k-  2k  (since  for  different  i  the  functions  h  can  be  Identical) 
If  vie  new  take  a  (1,  kj_ )  -pole  H  (Pig*  4*? } ,  ■which  re  alia  ft  s 

■  all  these  functions  h,  then  each  circuit  can  be  repress  ted  as  !r 

consisting  of  a  transfer  contact  x^  —  Xj*  the  leads  of  whlca  are 
connected  to  the  corresponding  outputs  of  the  (l>  k‘i.)“pol6}  realising 
the  functions  f^(l,  xz>  .♦.»  2^)  and  fj_(0,  xp,  ...}  %)• 

Inasmuch  as  the  transfer  contact  xj  -  *xij  is  a  contact  pyraaid 
(tree)  with  one  contact,  then  by  virtue  of  the  separability 'of 
jyramids,  their  outputs  corresponding  to  different  i  can  be  joined  to 
one  and  the  game  output  of  the  (l,  k^J-pols  H» 

Thus,  a  change  over  takes  place  from  the  (1,  k)-pole  with  n 
relay  contacts  to  a  (1,  kj, )-pola  with  n  -  1  relay  contacts. 
Continuing  the  construction,'  we  arrive  at  a  new  ( 1,  k^-pole  made  up 
of  contacts  of  a  -  2  relays,  etc.,  until,  the  network  contains 
contacts  of  all  the  relays. 

We  note  that  the  series  introduction  of  transfer  contacts  leads 
to  the  situation  whereby  at  each  stage  of  construction,  after  the 
contacts  of  any  relay  are  introduced  into  the  network,  the  resultant 
rn.ultJ.pole  will  always  be  isolating  as  seen  by  the  outputs  of  toe 
network. 

The  process  of  constructing  by  the  cascade  method  will  be 
:  explained  with  an  example  of  the  construction  of  the  network  of  a  . 


fU,  2) -pole  made  up  of  contacts  of  four  relays,  specified  by  the 

following  structural  formulas* 

/}  -  %i  (x^Xi  -f  x*x,)  -f  jrajr»»« ; 


To  simplify  the  notation,  the  circuit  from  any  node  of  the 


network  numbered  i 


which  are  written  in  the  form  of  this 


number,  included  in  parentheses  (i),  i.e.,  in  tte  given  case  £±  - 
(l),  and  f'2  =  (2). 

We  continue  the  notation  in  the  form  of  Table  15,  with 
successive  separation  of  contacts  x^,  x-,,  ®to« 

Table  15 


*,  (4) 

(«6  ?  X%  (5)  -j”  Xj  {0) 

#3)  **  x%xt  +-  'i% 

XgX<| 

♦  (a) 

(6) ««  x*XzX4  ~f  xsx*  «*  (5) 

(3)  as  .V,  (7)  -{-  X,  (8) 

(?)  =  A'jA'i  +  *5 

(8)  =r.  (7) 

(4)  =  +  xl  (10) 

(9)  - =,lsx« 

(10)  =  (9) 

(5)  =  .v2(t  1}  4' 5a  (12) 

(11)  =  Xg^i 

(12)  =»  Xi 

(7)  ~  As(53)  -)-xs(14) 

(13)  =  **  «=  (12) 

(14)  =5; 

(S))»73(J5) 

(I5)«x,  =  (12) 

(ti)«*,(16) 

(16)  =*^=2(14) 

/J  r 


1 


t 


[  The  corresponding  network  la  shown  .in  Fig*  4&* 

Xq  his  paper,  G*  N*  Povarov  /44/  iod leases  that  the  complexity 
Of  tbs  network  will  depend  on  the  sequence  of  arrangement  of  the 
variables  (i.e.,  on  the  sequence  with  which  the  transfer  contacts  are 
separated  out).  He  then  proceeds  to  deduce  that  if  certain  functions^ 

■  f 

of  a  realisable  sequence  depend  essentially  on  less  than  n  variables, 
then  the  variables  on  which  all  the  functions  depend  essentially  are 
best  placed  in  the  last  places,  near  the  common  input  of  the  syn¬ 
thesized  (1,  k)-po.le  network. 

2.  GRAPHICAL  METHOD  OF  CONSTRUCTION  OF  SYMMETRICAL  NETWORKS 
Somewhat  later,  developing  the  cascade  method,  0.  N.  Povarov 
/44/  proposed  a  graphic  method,  for  constructing  contacts  (1,  k)~ 
polos  for  symmetrical  circuits,  specified  in  terms  of 

working  numbers,  i.e. ,  numbers  indicating  for  how  many  working 
relays  should  the  circuit  be  closed. 

With  this,  as  in  the  method  of  cascades,  the  transfer  con¬ 
tacts  of  the  relays  are  drawn  successively.  To  construct,  one 

spots  .  ' 

along  a  vertical  line  k.  points,  corresponding  to  the  outputs, 

and  working  numbers  are  assigned  to  each  point.  Tnen  one 

draws  adjoining  to  each  point  the  transfer  contact  of  one  of  the 

relays  (it  is  immaterial  which,  since  the  complexity  of  the 

eyamatrieal  network  is  independent  of  the  sequence);  the  point 

connected  to  the  break  contact  is  assigned  all  the  working  numbers 


JJ'f 


*  vita  the  exception  of  n  (number  of  the  relay  of  the  network),  while 


the  point  connected  to  the  make  contact  are  assigned  the  numbers 


greater  than  aero,  reduced  by  unity. 


Then  the  points  with  identical 


assemblies  of  numbers  are  joined,  and  the  points  without  numbers 
are- erased.  If  near  any  point  there  are  located  all  the  numbers 
from  zero  to  n  -  1.  such  a  point  is  joined  to  the  common  input. 


The  transfer  contact  of  the  next  relay  is  drawn  joined  to 
the  remaining  points,  and  in  analogy  with  the  preceding,  the  working 
numbers  are  changed,  where  n  is  taken  to  be  the  number  of  the  re¬ 
maining  relays.  The  process  is  repeated  until  the?  con-tacts  of  all 
relays  are  introduced  into  the  network.  With  this,  the  last  relay 
will  always  have  one  transfer  contact. 

Fig,  49  shows  an  example  of  the  construction  of  a  (1,  3}~ 
pole  (k  =  3)  made  up  of  contacts  of  four  (n  a  4)  relays  for  cir¬ 
cuits  having  the  following  working  numbers*  0,  2;  1,  3,  and  1,  3, 

4.  Simultaneously  with  proposing  ths  method,  £*,  N,  Povarov  has 
shown  that  the  process  is  applicable  not  only  for  symmetrical 
02*  ]i  *5  «  *b  til*  £  or  quasi- sy mma f r leal  ones,  for  which  the  working 
number  represents  a  sum  of  several  weights,  ascribed  to  individual 
-j  relays  of  the  network. 

The  author  of  the  present  work .has  later  shown  that  all  the 

networks  are  in  this  sense  quasi-symmatrical,  if  relays  numbered 

1-1 

1  =  1,  2,  n  are  assigned  weights  2  ,  and  the  working 

numbers  are  taken  to  be  the  numbers  of  the  states .during  which  the 


Hsircuit  should  be  closed,  ~1 

3,  GRAPHICAL  MB1BGD  GF  CONSTRUCTING  COMACT  (1,  k)-POLB 
The  graphical  method  of  constructing  contact  (l,  k) -poles  makes 
;  It  possible  to  construct  contact  networks  without  analytical  notation ] 

■'  r 

and  tr ansf creations ,  In  the  construction  one  obtains  automatically, 
salifications  due  to  the  presence  of  indifferent  and  unused  states. 
One  of  the  features  of  this  method  is  that  the  constructed  network 
is  obtained,  both  of  class  U  or  class  H,  either  planar  or  son-planar 
depending  on  which  network  is  simpler,  something  that  cannot  be  ob¬ 
tained  in  general  by  analytical  methods. 

Experience  in  employing  the  graphical  method  shews  that  the 
constructed  networks,  particularly  networks  of  contact-making  multi- 
poles,  are  obtained  in  most  cases  simpler  than  those  networks  con¬ 
structed  by  other  methods. 

The  only  limitation  which  the  graphic  method  imposes  on  the 
networks  is  an  ordered  arrangement  of  the  contacts  of  each  relay 
of  the  network  in.  definite  sections.  However,  this  limits  the 
number  of  different  versions  of  the  network  to  the  value  nl ,  which 
is  an  undoubted  advantage  of  the  method.  Deviation  from  the  fore¬ 
going  limitation  can  yield  in  principle  additional  simplifications 
of  the  network,  bub  tills  problem  .has  not  yet  been  investigated. 
Simplicity  of  operations  and  identity  of  the  actions  performed  in 
the  construction  of  the  network  by  the  graphical  method  makes  it 


r^ossibls  to  employ  it  for  neohanlzstioa  of  the  process  of  synthesis  ! 
of  relay  networks,  as  will  be  shown  in  Chapter  lx. 

Inasmuch  as  the  graphic  method  in  its  initial  form  was  & 
graphic  interpretation  of  the  method  of  cascades  with  addition  of 
i  those  simolifioations,  which  can  be  obtained  la  the  allowance  ior  the 

•  •  ■  r 

conditional  (indifferent  and  unused)  states,  we  shall  not  stop 

specially  in  this  section on  the  justification  of  any  particular  con¬ 
struction,  but  will  go  to  a  direct-  development  of  the  method  in  that 
fora,  in  which  one  can  recommend  it  fca*  practical  engineering  use. 

For  greater  clarity  we  shall  develop  this  method  first  as 
applied  to  the  construction  of  contact  (1,  k) -polos.  Vie  aiisll  not 
consider  two-poles,  since  they  are  particular  eases  of  (1,  k) -poles, 
tfe  note  that  in  tbs  construction  of  contact  networks  one  should 
tend  to  a  maximum  unification  of  the  circuits  of  the  network  into 
one  (1,  k)-pole.  Most  frequently  the  common  point  of  connection 
of  the  circuits  is  one  of  the  poles  of  the  battery. 

Thus,  by  way  of  .initial  data  for  tbs  graphical  construction 
of  a  contact  (1,  k)~pole  network  made  up  of  contacts  of  n  relays, 
we.  have  k  assemblies,  corresponding  to  circuits  from  sach  of  the 
k  outputs  to  the  tjcm-ao n  Input, 

To  compile  tbs  network,  we  note  on  the  left,  along  a  vertical 
line,  all  the  outputs  and  writs  near  each  one  of  them  tte  corres¬ 
ponding  assemblies,  and  for  simplification  we  shall  leave  out 
the  curly  brackets  and  the  base,  ifa  first  compile  the  common  input, 


,  — \ 
5  •which  we  shall  denote  by  plus.  1 


If  the  assemblies  include  coinciding  ones,  the  corresponding 
points  will  join  arid  the  -unified  assembly  will  bo  written  out  at  the 
common  point.  In  the.  case  when  in  a  complete  assembly  (all  the 
•  numbers  from  zero  to  2?  ~  1)  correspond  to  any  point,  we  join  , 


this  point 
the  remaining  p 


on  a  straight  line  with  the  point  15  4-  .**  To  all 
oints  draw  on  the  right  the  moving  springs  of  the 


transfer  contact  groups  of  the  relay  having  the  greatest  weight, 

•  '■  .f 

-  2n  “  *k  The  point  c  oaxiected  with  the  break  contact  we  assign  the 
numbers  less  than  2n  “  •*-,  and  the  point  joined  with  the  make  contact 
we  assign  the  remaining  numbers,  reduced  by  the 'weight  of  the  relay 
%s  215  "  In  this  case  the  conditional  numbers  are  written  in 
parentheses,  as  before. 


We  then  make  a  comparison  of  all  the  assemblies in  the  follow¬ 
ing  sequence . 

1}  We  see  whether  there  are  any  coinciding  assemblies  at  the 
leads  from  the  make  and  break  contacts  of  one.  group,  and  if  such 
assemblies  are  found,  vs  erase  the  entire  contact  group  and  replace 
it  by  a  single  point,  to  which  we  assign  the  unified  assembly. 

2}  We  verify  whether  there  ara  complete  assemblies,  and  if 
such  are  found  the  corresponding  points  arc  joined  with  the  input, 
3)  We  erase  the  springs  with  empty  assemblies, 

4}  We  unify  points  with  coinciding  assemblies,  and  write 
down  the  unified  assembly  at  the  junction. 


i  Ve  note  that  because  of  the  presence  of  conditional  lumbers,  tihsf 

■  solution  my  be  non-unique.  Thus,  if  there  are  three  points  with 
assemblies:  a)  ^  1,  5(2,  3,  l)\  >  b)  —  |ij  2(4,  5,  7)j  and  c) 

^  3,  5(0,  1,  4}^  ,  we  can  join  either  the  points  (a)  und  (b)  with  a 
;  common  assembly’ll,  2,  5 (7 )j  ,  or  (a)  and  (c)  with  an  assembly  j^l,  j. 

V 

The  mu ly  placed  points  can  be  considered  as  the  outputs  of  a 
new  (1,  k-j)~pole  made  up  of  contacts  of  n  ~  1  relays*  To  these 
points  we  .  attach,  the  spring  contacts  of  the  transfer  gr  oups  of^ 
a  relay  with  weight  qn  -  1  »  2n  "  2,  and  analogously,  write  down  the 
assemblies. of  numbers  and  where  possible  unify.  These  points  re ore- 

ft 

sent  outputs  of  a.  new  CL,  kg) "pole  made  up  of  the  contacts  oi 
n  -  2  relays,  W©  continue  the  construction  until  it  is  complete. 

The  network  must  then  be  redrawn,  joining  where  possible  all  the 
remaining  closing  and  all  the  remaining  make  and  break  contacts  into 


transfer  groups. 

Fig.  50a  shows  an  exsmple  of  the  construction  of  a  network 
for  the  circuits  of  the  intermediate  relays  A  and  B  of  a  binary 
paisa  divider,  specified  by  assemblies  fA  »  j  1,  2,  3,  ^IbAX 
and  fB  «  |  2,  5,  6,  7  la  this  network,  as  in' the  preceding 

one,  ve  shall  represent  for  the  sake  of  cleriiy  the  erased  con¬ 
tacts  by  dots,  and  the  erased  numbers  will  be  crossed  out.  In 
the  redrawn  form,  the  network  is  shewn  in  Fig.  50b. 

We  note  that  in  the  last  relay  with  weight  1  there  is  always 


one  transfer  group,  and  we  shall  i'ferefore  draw  it  in  this  manner^ 
On  Figs.  51a  and  b  is  shown  the  construction  far  two  bases  of 
the  circuits  Xq,  Xt_,  X2  from  the  register  of  the  commercial  equipment 
/122,  129/,  specified  by  the  following  assemblies: 


A'0“  { i ,  2,  4,  7,  9,(6,  II,  S3,  14,  v  | 

Xj= ;!,  7,  8,  9,  10,  12,(0,  6,  IS,  S3,  14,  15)}rw;/V  }(?.!> 
Xb-  (2,  3,  4,  5,(0,  8,  H,  S3,  14,  15)}rfl/; ] 


(7.1) 


If  tha  base  is  A3GD,  these  assemblies  will  be 


Xe =  \2,  4,  8,  9,  14,(6,  7,  11,  S3,  15)1 


i  At,  nr' 


Xj—  (!,  3,  5,  8,  9,  14,(0,  6.  7,  Si,  S3,  15)}  XSBn  } 
X,-  J2,  4,  SO,  12,(0,  6,  7,  11,  S3,  35)J4Wjr.  J 


(7.2} 


The  networks  constructed  by  this  method  are  in  general  bridge 

networks.  They  have  that  distinguishing  feature,  however,  that  in 

any  vertical  section  on  the  output  si-do  (to  the  left)  they  are 

isolating,  i.©.,  under  no  conditions  can  two  points  of  one  vertical 

section  bs  found  joined  at  relay  contacts,  placed  between  the 

given  section  and  the  outputs.  This  is  explained  by  the  fact  that 

any  • 

by  virtue  of  the  construction  itself, , such  circuit  wall  contain  at 

K 

I 

Xeastrtwo  different  contacts  of  one  relay.  As  a  result,  false  cir¬ 


cuits.  which 


present  a  danger  in  the  construction  of 


bridge  circuits,  cannot  appear. 

Tlis  method  developed  in  the  present  section  has  the  following 
shortcomings:  in  the  construction  of  the  network  one  always  intro- 
dunes  a  transfer  group  and  tha  possibility  of  elimination  of  one 


r of  the .contacts  of  the  group,  resulting  from  the  equivalents  (4.13a):* 

io  not  taken  into  account* 

The  presence  of  transfer  groups  makes  the  network  isolating 


.  and  makes  it  possible  to  carry  out  unification  tut,  as  indicated  by 
M.  A.  Gavrilov  /69/,  by  far  not  all  the  possibilities  of  circuit 
unification  afforded  by  the  creation  of  bridge  networks  are  used. 


This  shortcoming  ha s  been  eliminated  by  the  author  by  using  the  so- 
called  direct  lead  outs  in  the  construction. 


4,  IBS  OF  DIRECT' LEAD  OUTS 

In  some  cases  the  number  of  contacts  in  the  network  can  be 
reduced  if  one  uses  so-called  direct  lead-outs  in  the  construction. 
Such  lead-outs  can  be  made  when  the  assemblies  of  both  contacts  of 
one  switching  group  do  not  coincide,  but  identical  obliga¬ 

tory  numbers  are  present.  In  this  case  one  can  make  a  direct  lead- 


out  at  the  contact  (Fig.  52),  the  assembly  of  which  will  contain 
the  common  numbers  of  both  assemblies.  The  only  obligatory  numbers 
left  at  the  contacts  are  those  which  ware  not  included  .in  the 
direct-lead -out  assembly,  while  the  ambers  contained  in  this  last 
assembly  are  written  as  conditional.  This  corresponds  to  the  follow¬ 
ing  transformation 

*(a+$)  +  £(a  +  c)»fl  +  x(&4--j)  +  x(c  +  (7i 3) 

Thus,  for  example  (Fig,  52a),  if  the  make  contact 


i?r 


corresponds  to  the  wriblf  { 1,  £<2,  3,  V) }  ,  and  the  break  contact,: 
corresponds  to  the  assembly  (o,  2,  5(4,  7$,  «  nan  make  a  direct 
lead-oat  .1th  assembly  fc,  (2,  7)  }er{(2,  5,  (7)}  i  in  the  latter 
case  ve  leave  respectively  at  the  contacts  the  assemblies  (1,(2,  3,  5, 

t  7) j  and  jo,  (2,  4,  5,  7)}  (Figs  52b  and  e>.  L 

The  use  of  direct-  leads  ir>  particularly  effective  if  the 
obligatory  numbers  of  one  contact  are  contained  in  their  entirety 
in  the  assembly  of  the  second  contact.  La  this  case  one  contact  ox 
the  transfer  group  can  fee  crossed  out,  ccs*re  spending  fco  tne  trans 
formation  _  /  «  \ 

r(a-ft)  +  xa«a+^(*4*7fj-  .  ^  ^ 

For  example ,  if  the  make  contact  of  the  relay  with  weight  a 
has  an  assembly  [l,  4,  5(2,  3,  7)}  ,  and  the  make  contact  has  an 
assembly  [2,  5,  (0,  4,  l)\,  tha  latter  can  be  replaced  by  a  direct 

lead  with  assembly  [2,  5,  (4,  7)^  ,  leaving  at'  ^ 

make  contact  the  assembly  [l,  4,  (2,  3,  5,  7)_^or  else  with  assembly 

(  2,  4,  5,  (7)\with  the  assembly  jl,  (2,  3,  4,  5,  7}|  left  at  the 
l.  J)  v 

make  contact  (Fig.  53), 

The  advisability  of  making  direct  leads  must  be  verified 


©veryjfciras,  for  sometimes  they  may  complicate  the  network.. 

k  network  with  direct  leads  violates  the  condition  of  isola 
tion,  and  in  some  cases  individual  points  in  the  vertical  cross 
section  of  the  network  may  be  found  to  be  joined  to  the  input 
through  contacts  of  the  following  relays  and  through  the  direct 


6 


rig.  52. 


^loads,  connected  to  these  contacts.  When  joining  such  points  to 
otter  circuits |  the  latter  may  be  £ otu  id  to  be  joined  to  the  input 
along  round-about  circuits,  and  this  raa y  disturb  the  operation  ol  the 
network* 

Thus*  for  example ,  in  the  circuit  of  Fig*  50*  direct  leads  ^ 
vith  assenbly  [2^  can  ha  made  at  both  contacts  of  the  relay  B, 
while  the  remaining  contacts  will  have  assemblies  3,  (2)|  > 
shown  in  Fig.  54s,.  However,  one  cannot  join  the  direct  leads  (points 
£  and  t5),  since  the  circuits  of  relays  A  and  B  will  be  permanently 
interconnected.  At  the  same  time,  in  the  network  of  Fig.  50,  the 
direct  lead  from  the  contact  of  relay  A  with  assembly  ( does 
not  introduce  any  changes  in  the  operation  of  the  network  (Fig.  54b } . 
Analogously,  in  tbs network  of  Fig.  51b  one  can "make  a  direct  lead 
with  assembly  ^  1,  3,  ^  at  the  upper  contact  of  relay  B,  as  a 
result  of  which  we  obtain  the  network  shown  in  Fig.  >5  (only  the 
right  half  of  the network  of  Fig.  51b. is  shown. 

We  sea  thus  that  in  the  presence  of  direct  leads  one  cannot 
always  join  points  with  coinciding  assemblies,  since  false  circuits 
may  appear. 

As  a  result  it  may  turn  out  that,  in  a  network  with  direct 
leads  one  must  place  on  the  relay  with  the  least  weight  more  than 
one  transfer  contact  group , 


:•  .-4w« 

§0?;: :  5,  RBTSOIION  OF  FALSE  CIRC  HITS 


False  circuits  may  appear  whan  direct  leads  arc.  produced  ix 
and  the  circuits  which  are  connected  to  these  leads  are  further 
unified.  la  gor.»  cases,  as  observed  fcsr  example  in  the  netwares 
of  Figs.  %  aftd '55,  one  can  readily  verify  whether  the  direct 
lead  and  the  unifying  of  the  vires  are  permissible  or-  not.  -in  toe 


network,  of  Fig,  54b,  the  air- cut 


joined. to  the  diroot  lead 


are  joined  only  at  the  point  ’•plus"  so  that  no  false  circuit  can  be 
produced.  In  the  network,  oi*  Fig,  55,  the  direct-lead  circuit  is  not 
connected  to  anything,  and  when  otter  wires  are  joined  at  the  points 
^'l-'  %>»  and  t^,  there  are  no  falsa  circuits  (dotted  in  ^-ig*  j 5 )  * 
produced,  since  they  will  always  contain  different  contacts  of  the 
relay  B  (if  joined  at  the  points  tp  and  t2)  or  C  (joining  at  the 
point  13). 

In  complicated  networks,  it  may  be  difficult  to  trace  the 
appearance • of  false  circuits,  we  tharefore  propose  a  method  which 
makes  it  possible  to  establish  directly  under  what  unifications 
do  false  circuits  appear,  and  when  they  do  not.  On  tne  other*  h and, 
not  every  false  circuit,  even  if  it  is  found  to  connect  the  input 
with  one  of  the  outputs,  disturbs  the  operation  of  the  network. 
Thus,  if  some  circuit  is  closed  in  states  corresponding  to  the 
numbers  entering  in  the  assembly  of  the  given  output,  such  a  false 
circuit  is -permissible. 

To  determine  in  which  cases  the  joining  is  permissible  and 


r in  •which  it  is  cot,  wq  shall  assign  to  each  output,  with  the  exoep-  1 
tion  of  the  assemblies  indicated  above,  also  forbidden  numbers. 


For  points  joined  with  the  output  through  a  make  contact  of  any 


b. 


relay  with  weight  q^,  the  forbidden  numbers  will  be  only  the  for¬ 
bidden  numbers  of  the  output,  corresponding  to  the  states  during 


which  relay  A3,  does  not  operate.  For*  points  joined  through  a  make 
contact,  the  numbers  will  correspond  to  states  during  which  the 
relay  A.  operates.  These  numbers  can  be  obtained  with  the  aid  of 
Table  14  and  Fig.  45. 


We  shall  agree  to  write  out  the  forbidden  numbers  under  the 
corresponding  point  and  include  them  in  square  brackets,  or  else 
write  them  with  a  colored  pencil.  In  this  case  the  numbers  for  all 


'points  of  the  network  will  be  referred  to  the  base  of  the  entire  net¬ 
work. 

Thus,  for  the  output  with  assembly  |  2,  7,  (7,  5) |  the 
forbidden  numbers  will  bo  sero,  3,  4,  and  6,  while  at  the  outputs 
of  the  contact  of  relay  with  weight  4,  there  will  be  written 
correspondingly  the  forbidden  numbers  aero,  3  and  4,  6,  as  shown 
in  Fig.  56. 

In  the  presence  of  a  direct  lead,  the  latter'  should  be 
assigned  all  the  forbidden  numbers.  When  joining  several  points, 
the  common  point  should  be  assigned  the  forbidden  numbers  of  all 
the  joined  points,  i.e.,  the  assemblies  of  forbidden  numbers  add 
up  in  the  joining.  Thus,  when  constructing  a  network,  along  with 


~1 


rsttocegsiva-  assigMBnt  of  a  mvt  aaseuibly  of  tabors  to  ~&mh  tsbv 

i 

point,  we  oar.  assign  to  the  same  point  the  forbidden  numbers,  i.e., 

■we  indicate  the  numbers  of  those  states  of  the  network,  at  which 
the  giTfSflfjoint  aawit  not  have  a  connection  with  the  input  to  the 
,  made  up  (1,  k)-polo. 

14b  now  gee  in  what  states  tbs  appearance  of  false  circuits 

through  direct  leads  is  possible,  ft  is  easy  to  verify  that  if 

in  the  assenbly  of  the  direct  lead,  made  at  the  contact  of  the  relay 

%  with  weight  qi,  there  is  an  obligatory  number  0<  (cosBraaponding  to 

the  fact  that  this  lead  will  be.  joined  to  the  input  of  the  circuit 

at  the  state  with  number  *  of  those  relays,  whose 'weights  are  less 

>  with 

tfaam  q.- ) ,  then  in  the  stats,,  .  this  number  the  lead  of  the  break 
contact  will  bo  found  joined  to  the  input  in  the  case  when  the  relay 
A.  does  not  operate,  i«e.,  in  tbfl  state  with  the  same  number  °(  . 

The  lead  of  the  make  contact  will  be  joined  to  the  input  through 
the  direct  lead  in  the  stats  with  number  <*?  +  qp  (fig* 

On  the  other  hand,  the  obligatory  number  (3  ,  which  eaters 
into  the  assembly  of  the  break  contact,  will  produce  &  falss  cir¬ 
cuit  to  the  direct  lead  in  the  state  with  the  same  number  ft- , 
while  the  obligatory  number  /,  which  enters  into  the  assembly  of 
the  make  contact,  will  produce  a  false  circuit  with  number  /  +  qA. 
ill  this  pertains  to  the  conditional. numbers,  .  the  only 

difference  being  that  it  is  not  known  beforehand  whether  in  the 
state  corresponding. to  the  conditional  number  the  circuit  will  be 


~1 


[connected  to  the  input  or  not. 

However,  the  numbers  obtained  in  the  above  method  will  pertain 
to  a  base  which  includes  the  relays  with  weight  q*  and  less.  If  we 
refer  the  numbers  to  the  bass  of  the  entire  network,  each  number 
will  go  into  2'  -  ambers,  determined  by  the  states  of  those 

relays,  whose  weights  are  greater  than  qf,  i.e.,  into  the  series 

s,  a  *t-  i]i  jj;  «  -j-  ;  a  -j~  qn\  a  +  9/+1  4"  <h+2>  •  •  •  *  a  4*  <4+ 1  4~  •  *  •  _r  ?n« 

These  numbers  indicate  in  what  states  of  the  network  a  given 
point  will  bo  (or  can  be,  if  the  number  is  conditional)  connected  to 
the.  input  to  a  direct. lead  bypassing  the  main  circuit.  Uq  shall  agree 
to  call  these  numbers  bypassed  numbers  and,  writs  them  down  along 
with  the  forbidden  numbers  under  the  point  to  which  they  pertain, 
underlining  them  with  an  arrow,  as  shown  in  Fig.  57b.  For  the  con¬ 
tact  of  a  relay  with  weight  4  in  a  network  made  up  of  four  relays 


In  the  further  construction  of  the  network,  the  bypassed  num¬ 
bers  are  transformed  in  accordance  with  the  same  law  as  the  for¬ 
bidden  numbers. 


Thus,  in  the  general  .case  one  can  assign  to  each  point,  with 
the  exception  of  the  fundamental  assembly,  forbidden  and  bypassed 
numbers.  It  is  obvious  that  one  and  the  same  number  cannot  be 
included  simultaneously  in  the  list  of  forbidden  and  bypassed 
numbers  of  any  point,  since  the  forbidden  number  indicates  that 
in  this  state  the  point  must  not  be  connected  to  the  input,  whereas 


Kd6 
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'■  the  bypassed  number  indicates  that  tbs  point  in  this  state  will  or  i 

can,  be  connected  with  the  input.  This  leads  to  the  rule,  that  the 
joining  of  two  points  with  coinciding  assemblies  is  impossible,  if 
aooug  the  bypassed  numbers  include^  forbidden  number  of  the  second 

;  point.  , 

i* 

\  l 

False  circuits,  which  can  be  formed  through  two  or  more 
direct  leads,  are  analogously  detected,  far  this  purpose,  after 
joining, the  bypassed  numbers  are  transferred  to  the  preceding  points 
am?  a  verification  is  made  whether  any  disagreements  are  found. 

Fig,  58a  shows  the  construction  of  a  network  of  a  binary 
divider  for  the  number  of  pulses  with  the  forbidden  and  bypassed 

-  numbers  written  but.  From  an  examination  of  the  network  one  can  see 
that  the  joining  of  the  points  tx  and  tg  is  impossible,  since  the 
numbers  1,  3  and  5,  7  are  bypass  numbers  far  one  of  these  and  for¬ 
bidden  for  the  otter,  Analogously,  we  cannot  join  the  points  tj 
and  t4„  On  the  other  hand.,  the  points  aad  t’2,  as  well  as 
all  leads  past  the  contacts  of  the  relay  I,  can  be  joined. 

One  can  verify  the  validity  of  the  joining  at  tha  points  tj_, 
tg,  and  in  tte  circuit  of  Fig.  55,  if  the  forbidden  and  bypassed 
numbers  are  assigned  to  all  points. 

In  practice,  there  is  no  need  for  writing  out  the  forbidden 
and  bypassed  numbers  fear  the  entire  network.  It  is  recommended 
that  this  be  done  only  far  those  points,  for  which  it  is  necessary 
to  ascertain  tte  possibility  of  joining  when  the  points  are 


<K(  )  ? 


rconnectcd  -with  contacts,  at  wMch'diraet  leads  exist.  In  addition,  ~j 

there  is  no  need  of  making  a  special  verification  if  the  joined  points 

Connected  to  different  contacts  of  one  and  the  sane  relays,  as  is 

observed,  in  the  joining  of  Fig.  55.  Nor  is  there  any  need  of 

verifying  the  possibility  of  joining  at  the  input  point.  ( 

1  1 

If  the  direct  leads  are  mads  at  some  relay  A^  which  does  not 

have  the  maximum,  weight,  it  is  enough,  to  start  to  write  out  both  the 
forbidden  and  the  bypassed  numbers  with  points  lying  directly  ahead 
of  the  contact  of  the  relay  A,  as  shown,  for  example,  in  Fig.  55, 
which  is  part  of  the  network  of  Fig.  51b. 

In  some  cases  the  bypassed  numbers  can  be  used  to  produce  main 
circuits,  thereby  simplifying  the  network.  This,  however,  calls  for 
additional  investigations. 

6.  Elimination  of  False  Circuits 

In  the  case  when  It  is  found  that  the  joining  of  circuits  is 
impossible,  the  construction  of  tbs  network  can  be  continued  without 
joining,  as  was  done,  for  example,  in  Fig.  58.  The  resultant  net¬ 
work.  is  shown  in  Fig.  59a. 

In  addition,  the  following  possibilities  exist  for  preventing 
the  appearance  of  false  circuits? 

I)  Elimination  of  the  direct  lead,  through  which  the  false 
circuit  is  produced.  For  the  network  of  Fig.  5 8a,  this  means  a 
change  over  to  the  network  of  Fig.  54b. 


1 

2)  Introduce  rect.lfior  els  merits  In  the  joined  circuits  Cm  the  "~I 
case  when  the  plus'  of  the  current  source  is  connected  to  tte input. 


the  rectifier  should  be  connected  in  opposition  to  the  arrow  indica¬ 
ting  the  direction  of  the  bypassed  circuit).  Upon  introduction  of 
rectifiers  ahead  of  the  points  tl  and  t2  in  Fig.  58a ,  we  obtain  the  , 


network  of  Fig.  59b,  • 

3)  Introduce  into  the  joined  circuits  a  contact  of  one  of  the 
relays,  which  would  not  contradict  the  main  circuit,  but  which 
would  eliminate  the  false  circuit.  For  the  network  of  Fig.  58a, 


such  a  contact  can  be  the  break  contact  of  relay  I  (with  weight  1). 
If  this  contact  is'  connected,  for  example,  ahead  of  point  %2 
58b),  a  possibility  appears  of  unifying  points  %  and  t2  and  the 
network  assumes  the  form  shown  in  Fig.  59c. 

4)  iisolate  the  direct  lead  as  a  separate  output.  This 

is  possible  only  when  the  circuits  act  on  the  relay  and  additional 
windings  can  bs  placed  on  the  relay «  This  method  can  bs  parti¬ 
cularly  effective  in  the  case  whan  the  direct  lead  is  made  at  the 
contact  of  the  relay  with  the  greatest  weight,  as  is  observed,  for 
85ffi.ra.pl®,  in  the  network  of  Pig.  58a.  By  separating  both  direct 
leads  and  introducing  second  windings  on  relays  A  and  B,  wo  obtain 


tha  network  of  Fig.  59d. 

Finally,  in  the  case  when  the  joining  is  impossible  because 
of  a  circuit  produced  by  a  conditional  number  (the  bypassed 
number  is  In  brackets),  this  circuit  can  be  eliminated  by  eliminating 


i the  particular  conditional  number  from  the  corresponding  assem-l 

hly. 

-There  are  still  no  rules  for  indicating  which  of  the  measures 
gives  the  most  successful  solution, 

‘  1 

i 

7.  CONSTRUCTION  OF  ISOLATING-  NSTMCEISS 

!«■  some  cases  it  becomes  necessary  to  construct  an  isolating 
(1,  k)~pcle  network,  i.e,,  one  in  which  there  can  be  no  connection 
between  the  outputs,  with,  the  exception  of  the  inputs. 

If  we  consider  the  process  of  the  synthesis  of  contact  networks 
the  .  . 

byfgraphical  method,  we  can  see  that  in  the  general  case  the  ■ 
constructed  ;  circuits  will  not  have  the  isolating  property,  for 
when  two  points  with  coinciding  assemblies  are  joined,  a  circuit 
may  bo  produced  connecting  different  outputs.  It  fallows  therefore 
that  to  obtain  an  isolating  network  one  must  not  join  points  if  they 
have  in  soma  state  of  the'  network  simultaneous  connections  to 
different  outputs  of  the  network. 

It  can  be  shown  that  in  the  case  when  there  are  no  identical 
numbers  in  assemblies  of  different  outputs,  the  network 

must  be  Isolating,  If  there  are  identical,  numbers,  a  circuit  may 
be  produced  between  corresponding  outputs  in  addition  to  the 
common  input. 

In  order  to  use  the  graphic  method  for  the  construction  of 
isolating  networks,  we  employ  the  following  procedure.  To  each 


_L...  _ 

amber  whiph  enters  into  the  assemblies  of  several  outputs,  we  ! 

assign  a.  certain  symbol  (dot,  circle,  bar,  etc,}  and  different 
symbols  are  assigned  to  different  numbers.  Upon  further  construction 
these  symbols  will  he  drawn  on  tbs  <ievly  obtained  'numbers,  obtained 
from  the  marked  number.  If  coinciding  assemb3J.es  appear  now,  then  ( 


in  the  case  when  these 


assemblies'  arc  found  to  have  numbers 


with  identical  symbols,  such  points  canoi  be  joined.  If  assemblies 
wherein  some  number  is  assigned  different  symbols  arc  joined,  noth 
symbols  must  be  assigned,  to  this  number  in  the  joined  assembly. 

Any  ...  assembly  ■  can  be  joined  at  the.  point  of  input. 

Using  the  method  of  construction  of  isolating  (i,  k)— pole 
networks,  one  cm  construct  “two-sided"  normal  networks,  as  shown 
in  Pig,  60.  The  construction  of  such  networks  makes  it  possible 
to  reduce  the  total  number  of  contacts,  but  this,  is  possible  only 
for  the  case  when  the  formulas  for  each  of  the  relays  ere  functionally 
separable  /36/  and  can  be  expressed  in  the  form  of  a  product  of  two 
functions  of  different  variables. 

liifl i»  a», ...»  (in)  —  flip i,  o%>  •  •  •  >  Gj)  ft  •  •  • » 


H,  COKSmtJCIIOK  OP  A  CONTACT  (p,  k)-P0LE  HETWCRK 
The  graphic  method  can  also  be  extended  to  the  construction 
of  contact  multiple -pole  networks  with  p  inputs  and  k  outputs, 
under  the  condition  that  in  this  (p,  k)-pole  not  one  of  the  outputs 
can  be  connected  simultaneously  to  more  than  one  input. 


To  compile  the  network,  tbe“ circuits  between  the  inputs  and 
the  outputs  should  be  specified  ia  tbs  fern  of  asseobliee  fji  f*om 
each  output  with  number  ,i  U  «  0,  1,  2,  ♦  ♦.,  k  -  1)  to  each  input 
'With  number  i  U  =  0,  1,  2,  P  ~  D»  Thus,  the  total  nunfaer  of 

asssmhliss  (including  oaspiy  6&&s)  -suiouhi  be  pk*  ^ 

In  order  for  -the  netviork  to  satisfy  the  foregoing  ?oquSxamx& 
that  there  be  no  simultaneous  -connection  between  an  output  ana 
several  inputs,  it  is  sufficient  that  in  the  agsetabli&s  per lauuAg 
to  one  output  (with  identical  values  of  the  index  j)  no  identical 
obligatory  numbers  be  found. 

To  construct  such  a  (p,  k) -pole  netewk  lYom'tfa©  contact e-  o± 
n  relays,  we  convert  it  .into  a  (l,  k)~pcle  of  n  t  m  relays,  •  vnsre 
n  is  the  smallest  integer  satisfying,  the  inequality  2  “  p.  Wo 
now  assume  that  of  the  contacts  of  a  delays,  there  is  constructed  a 


(1,  p)-pole  in  such  a  way,  that  to 


each  output  of 'this 


network  corresponds  an  assembly  f*  of  one  number,  equal  to  the 
number  i  of  the  output.  If  we  join  the  .inputs  of  the  specified 

(p,  k)-polc  with  the  like  outputs  of  the  (l,  p)~pole  (*tg.  61;, 

ia  .  , 

then  the  resultant  (1.  k)-pde  the  circuit  from  the  ottupttt,  n  to 
A 

the  caramon  input  through  the  point  i  win  consist  of  the  series 
connected  circuits  f  j.t  (of  the  (p,  k}~pols  and  the  circuit  f*  of 
the  (1,  p)-pole »  Since  the  assembly  of  the  circuit  f  j,  consists  of 
only  one  obligatory  number,  i.o,.  fj_  -  |i|  ,  then,  in  aoecraance 
with  the  statements  made  in  Chapter  6,  Section  4,  the  number 


\  of  the  assembly  f  j ^  goes  into  the  number 

Q*  OR  a  2*  "f  ‘ 


And  since  each  of  the  outputs  is  connected  vith  the  common  iapa1 
of  the  (1,  k ) -pole  by  circuits  passing  through  each  of  the  inter  - 
mediate  points  i,  than  to  each  output  we  assign  an  aasemoiy ,  wnxch 
contains  the  transfer  mod  numbers  of  all  the  assemblies  f  j  \ 
identical  .indices  j.  so  tisat 


V-sW-w. 

t*«0 


(7.7) 


We  next  construct  the  network  in  accordance  with  the  method 
given  above  (Chapter  7,  Section  3),  starting  with  the  relay  having 
the  greatest  weight  2*  +  m  ~  \  until-  the  contacts  of  the 
relay  With  weight'  2*°  are  introduced  into  the  network.  Then  the 
numbers  around  the  free  ends  of  the  contacts  of  this  relay  will 


indicate  the  numbers  of  the  inputs  of  the  ip,  k)-pole  under  con¬ 


struction. 

By  way  of  an  example,  we  consider  the  synthesis  of  a  (3,  3)~ 
pole,  made  up  of  the  c-onta  cts  of  three  relays,  specified  by  the 

assemblies  listed  in  Table  16, 

Since  p  =  3,  m.  .«  2,  The  transformed  numbers  are  listed 

in  the  saw  Table  16.  The  resultant  network  is  shown  in  Fig.  62. 


A/7 


Table  16 
tpr 


Houopa 


hi 

^)*icxej(Kwe 

1  «• 

f 

■ 

^npGo6p33w&tt«HKUe 

a*  ■—  4ct  -f  * 

^7  BaCtop  s Bwxoaa  / 

fvd 

f 

i,2,4;7»(S) 

4.8.16,28.(20) 

foi 

(5) 

(21) 

2.4,8.14,16,26, 

28,(20,21,22) 

0,3.6, (5) 

2,14,26,(22) 

/» 

3, 7, (5) 

12,28,(20) 

fn 

1,(5} 

5,(21) 

5,12,18,26.28, 
(10.20,21  22) 

hi 

4, 6, (2,5) 

18.26,(10,22} 

fa  o 

0,6, <5} 

0,24,(20) 

fn 

1,3, (2, 5) 

| 

5.13,(9,21) 

0,5.13,18  24,30, 

f  (9, 20, 2!, 22) 

hi 

i  4. 7,(5)  1 

j  18,30,i22) 

ff 

| 

Numbers, 

2)  initial. 

3j  transformed 

,  4)  assembly  ol 

U 


change  of  amm  of  construction  of  the  network 


As  already  indicated  iri  the  graphical method  of  construction, 
the  structure  of  the  network  (nay  change^depending  on  the  sequence 
with  which  the  different  contacts  of  the  relays  are  introduced 


at  another  network,  in  analogy  with  how  the  complexity  of  an  alge¬ 
braic  expression  can  vary  with  the  order  with  which  elements  axe 
taken  outside  the  brackets*  ’Depending  on  the  sequence  of  the 
contacts  of  the  relays*  the  constructed  networks  may  differ  in 


their  structure  and  the  number  of  springs,  both  total  and  per  relay. 

In  the-,  graphical  method  of  network  construction  (Chapter  7, 
Section  3),  the  sequence  of  introducing  the  contacts  depends  on  the 


JL 


Flights  assigned  to  individual  roleya,  i.e.f  the  arrangement  of  tbs  1 
•  element' In  the  base*  Thus,  in  the  general  case,  far  a  network  con¬ 


sisting  of  n  relays  one  can  obtain  ni  different  networks,  corres¬ 
ponding  to  different  permutations  of  the  elements  in  tbs  base. 

,  Therefore,  •  to  find  the  network  satisfying  certain  requirements  (for,  ^ 

*  t 

'exanaple,  minimum,  contacts  or  springs),  it  may  become  necessary  to 
construct  all  ni  versions  and  to  choose  the  best.  There  is  still  no 
gSBral  method  that  permits  determining  beforehand  the  base  far  viuch 

the  simplest  network  is  obtained. 

However,  it  is  not  always  necessary  to  construct  all  networks, 
for  in  some  cases  all  the  networks  are  obtained  either  quite  identical, 

fi 

cr  of  identical  complexity. 

It  is  known  first  of  all  /16 /,  that  the  so-called  symmetrical 
contact  networks  do  not  change  when  the  relays  are  renumbered,  Con¬ 
sequently,  if  the  network  will  be  syamifitrical,  then  no  matter  how 
we  transpose  the  base,  ws  always  obtain  the  sams  assembly. 
necessary  and  sufficient  condition  for  an  assembly  to  belong  to  a 
symmetrical  network  is  that  this  assembly  contain  all  the  numbers 
of  the  states  in  which  an  identical  number  of  relay  operates, 
corresponding  to  the  working  ambers  of  the  symmetries  network, 
and  no  fcfcher  numbers. 

The  assemblies  that  characterise  symmetrical  networks  with 
different  working  numbers  arc  listed  in  Table  17  for  n  -■  2,  3, 

4,  and  5.  The  assembly  of  a  network  with  several  working  numbers 

L . 

A  If 


("should  include  in  their  entirety  die  assemblies  corresponding  to  each-] 
of  the  working  numbers,  and  should  not  include  any  other  numbers. 


Fhas,  for  a  »  4  a  symmetrical  network,  with  working  numbers 
4  to  t 


will  eorrespond^the  as' 


5?  6,  7,  9,  10,  11,  l<i, 


to  r 

2  and  3  will  eorrospond^the  assembly  p}  5?  6,  7,  9?  10, 

14^ ,  and  for  the  inverse  circuit  (working  numbers  0,  1,  4)  the 
'' corresponding  assembly  will  be  |  0,  1,  2,  4,  B,  15^  # 


Table  17  * 


I. 2.4, 8 
3,5,6,9.10, !2 

7,11,53,14  1 


1,2,4.8,16 

3,5,6.9,10,12, 

17,18,20,24 

7,11,13,14,19, 

21,22.25,26.28 

15.23.27,29,30, 

3! 


1;  Working  number 

*  This  table  can  be  readily  broadened  by  considering  that  the 

assembly  for  the  working  number  p,  in  tha  case  of  n  relays,  is  made 

up  of  the  assembly  for  the  same  working '  number  p  for  n  r-  1  relays. 

added  to  the  assembly  for  the  working  number  p  -  1  -for  a  -  1  relays? 

in  which  each  number  is  increased  by  2*1,  i.e. ,  j  =  > 

,  where  oc  ^  is  the  assembly  of  a  symmetrical  network 
**•*  n 

with  a  working  number  p  for  n  relays. 


O 


r  'Lut  us  now  Imagine  a  network  consisting  of  a  series  connection  | 

of  a  ^rametrical  network  made  of  contacts  of  s  relays  —  Ax,  ...» 

As  ~~  and  a  non-symmetrioal  circuit  of  contacts  of  r  relays  —  Bx, 

B2,  ...  ,  Br.  It  is  obvious  that  an  interchange  of  the  weights 

.  among  the  relays  A,  which  make  up  the  symmetrical  circuit,  will  not 
!  } 
change  either  the  assembly  of  the  Entire  circuit,  or  the  network. 

On  the  other  hand  an  interchange  of  tbs  weights  of  relay  B,  as  well. 

as  a  mutual  interchange  of  weights  bo  tween  relays  B  and  A,  will  lead 

to  a  change  in  the  assembly  and  my  lead  to  a  change  in  the  network. 

In  other  words,  such  a  circuit  with  a  base  including  all  the  relays 
substantially 

A  and  B,  may  be,  influenced  only  by  those  permutations,  in 

which  at  least  one  relay  B  participates,  while  permutations  of  relays 
A  do  not  Influence  the  result. 

permutation  of 

A  network  of  the  contacts  of  n  relays,  in  which^  only  part 
of  the  relays, a  (s  <5^  n),  does  not  change  the  assembly,  will  be 
oalled  partially  symmetrical  with  respect  to  the  relays  Ax,  Ag, 

•  *  *  f  * 

For  a  partially  symmetrical  network,  the  total,  number  of 
different  assemblies  is  decreased  by  si,  3.,e«,  the  number  will 
be  nj/si. 

Distinguishing  features  of  the  partially-symmetrieal  network 

with  respect  to  two  relays  with  weights  qj_  and  qj  (i  ,1 )  will 

be  the  presence  or  'absence  In  the  assembly  of  the  numbers  qx  and 

q.  pairwise,  as  well,  as  of  other  derivative  numbers  determined  by 
3  » 


the  states  of  the  remaining  relays.  Thus,  for  example,  in  a  network-! 
consisting  of  four  relays,  the  assembly  of  a  par iially-symme  tries! 
network  relative  to  relays  with  weights  1  and  L  should  contain  or 
not  contain  the  following  pairs  of  numbers s  1  —  4,  3  —  6,  y  —  12, 
and  LI  34.  $.he  presence  of  at  least  one  of  the  unpaired  numbers 
from  among  these  will  be  evidence  that  the  network  is  not 
symmetrical  with  respect  to  the  relays  with  weights  1  and  4. 

Table  IS  lists  the  pairs  of  numbers  which  determine  the 
symmetry  with  respect  to  two' relays  with  weights  indicated  in 
the  first  column. 

Table  18 


n 


—Qj  3 

1  4 

■ 

5 

1-2 

5—6 

9—10 

| 

13—14 

17—18 

21- -22 

25  -26 

20—30 

i~4 

3-6 

9—12 

11—14 

17—20 

19-22 

25-  2H 

27-710 

2-4 

3-5" 

10 — 12 

It - 13 

1H— 2n 

19- -2  i 

20-  2H 

27—28 

1 — 8 

3- 10 

5 — 12 

7-14 

17—24 

19-26 

21—28 

23  — :t«» 

2 — 8 

3—9 

6 — 12 

7-13 

18—24 

tit — 2.7 

22—28 

23-20 

4—8 

5—9 

6—10 

7 — 11 

20—24 

21 — 25 

22— 20 

23 — 27 

1 — 16 

3—18 

5—20 

7 — 22 

9—24 

11—26 

i:t  -28 

15—50 

3—17 

6—20 

7 — 21 

10—24 

11—25 

U-2H 

15—29 

4—16 

5 — 17 

6 — 18 

7—19 

S 

1 

C'J 

13-25 

14—20 

15-27 

8-16 

9—17 

in— IS 

11 — 19 

1  12—20 

12—21 

14—22 

15—23 

It  is  easy  to  prove  the  following  theorems. 
l.If  any  circuit  is  simultaneously  •  partially  symmetrical 
with  respect  to  relays  with  weights  qp  -  qj  and  q±  -  qv,  than  it 


.J 


Fis  partially  symmetrical  with  respect  to  all  three  relays  with 
weights  Qi ,  <?■?,  and  %» 

4.  If  any  circuit  is  simultaneously  parlOally-syasBetrical.  with, 


respect  to  two  groups  of  relays,  in  'which  there  is  at  least  one 
common  relay,  then  the  network  will  be  partially  symmetrical  with 
respect  to  the  aggregate  of  all  relays  of  both  groups. 

By  way  of  an  example'  let  us  consider  the  network  considered 
above  (see  p  9b /of  source/),  with  circuits  specified  by  the 


assemblies 

X0~  (-1.2,  4,  7,  9,(6,  11.  13.  14.  15))r6CA; 

A|  •»  }I,  7,  8,  9,  SO*  12(0  8,  11»  13,  M, 

Xt  *=  12,  4,  3,  5,(0.  6,  11,  13,  14,  I5)}r*Sjt. 


Oslng  Table  18,  we  establish  that  all  three  circuits  are 
partially- symmetrical  with  respect  to  relays  with  weights  2  and 
4  (the  corresponding  pairs  of  numbers  are  underscored),  i.e., 
relays  B  and  0. 

Thus,  this  circuit  has  ni/si- ~  41/21'  »  12  different  sets  of 
assemblies,  determined  by  the  changes  in  the  weights  of  the  relays, 
and  car*  have  12  different  versions.  Fig.  63  shows  all  these  ver¬ 
sions,  constructed  by  the  graphical  method  without  the  use  of 
direct  leads,  while  Fig.  64  shows  the  same  networks  with  direct 
leads.  For  each  network  the  base  is  indicated  in  the  form  of  a 
fraction  —  the  number  of  contacts  in  the  network  (numerator)  and. 


the  necessary  number  of  springe  (dohorrJjaator )*  zov  comparison,  -ig. 
65  sho'ws  the  network  of  the  same  circuits  in  tno  ?od sting  register 


/122?  pyramids  XI  and.  HI  on  netvork  2*>/.?  ^hioo  *:7  ooiroac'ts  and 

i*iL> 

calls  for  42  springs.  The  construction  of  the  natwork^in  all  cases 
much  simpler. 

While  in  the  case  of  a  symmetrical  network  any  transposition 
of  the  base*  or  in  the  case  of  a  partiaHy-gyrarair ica  1  network  a 


partial  transposition  of  the  bass,  does  not  change  the  assemblies  in 
the.  network,  there  as ay  be  cases  when  the  transposition  does  change 
the  assemblies,  but  the  constructed  network  does  not  become  of 
different  complexity.  The  simplest  example  is  a  circuit  with  an 
assembly  containing  only  one  number.  For  any  placement  of  the  con¬ 
tacts,  the,  network  will  always  contain  the  same  contacts,  connected 


.in  different  sequences, 


The  same  certains  also  to  networks  whic 


are  of  the  same  type  in  the-  sense  of  Polya  /116/  with  symmetrical 
networks,  i.e.,  obtained  from  symmetrical  ones  by  inversion  of 
individual  variables.  At  the  present  time  there  is  no  good  method 
for  determination  of  such  functions. 

It  is  necessary  to  carry  out  additional  investigations  of 
the  properties  of  different  networks,  so  as  to  make  .recommendations 
in  what  cases  it  is  necessary  to  investigate  all  the  possible  per¬ 
mutations  in  order  to  find  the  optimal  network,  and  in  what  cases 
not  all  must  ba  investigated,  and  also  make  recommendations  on  the 


choice  of  the  most  suitable  base 


To  construct  all  possible  networks  one  can  change  the  weights 
of  the  relays  in  accordance  with  the  change  in  the  base  or  to  carry¬ 
out  constructions  by  taking  the  contacts  not  in  decreasing  order  of 
weights  of  the  relay,  but  in  an  arbitrary  order,  transforming  the 
assemblies  as  indicated  in  Chapter  6,  Section  5.  In  the  particular 
case  when  the  contact  group  of  the  relay  with  weight  1  is 

chosen  first,  then  all  the  even  numbers  are  written  at  the 

make  contact  (starting  with  aero),  divided  by  two,  and  the  odd  num¬ 
bers,  reduced  by  unity  and  also  divided  by  two,  are  written  at 
the  break  contact*  The  weights  of  the  remaining  relays  are  also 
divided  by  two*  The  construction  is  then  continued  in  analogy 
with  the  previous  construction,  or  starting  with  the  relay  having 
the  highest  of  the  newly-obtained  weights,  and  the  sequence  indicated 
in  Section  3  of  the  present  chapter* 

In  the  latter  case  it  is  not  necessary  to  divide  the  numbers 
and  weights  of  the  relays  by  two  after  introducing  the  contacts 
of  the  relay  with  weight  1. 

It  must  be  noted  that  the  graphic  construction  for  a  sequence 
different  from  that  considered  in  Section  3  of  the  present  chapter, 
leads  to  more  complicated  transformations  of  the  numbers,  and  is 
particularly  inconvenient  in  the  case  when  it  is  necessary  to 
verify  the  possibility  of  appearance  of  fai.se  circuits. 


10.  Construction  of  Inver se"JCircuits 


To  construct  inverse  circuits  one  can  also  .propose  a  graphic 
method,  which  makes  it  possible  to  construct  the  network  from  toe 
assembly  of  the  main  circuit  without  first  finding  the.  assembly  of 


,  the  inverse  circuit.  This  method  is  based  on  the  principle  of 
■  graphic  inversion  of  contact  circuits.  As  a  result  of  such  an  in¬ 


version,  a  (1,  k)-pole  of  normal  farm  (Fig.  66a)  becomes  the  net¬ 


work  shown  in  Fig.  66b,  where  the  contact  admittance  between  two 


neighboring  points  should  be  t ha  inverse  of  the  admittance  between 
the  corresponding  output  and  the  common  input  in  the  circuit  of 


Fig,  66a, 

To  construct  an  inverse  circuit  with  k  outputs,  we  arrange 
along  a  horizontal  k  +  1  point,  between  which  we  write  down  the 
corresponding  assemblies  of  the  circuits.  If  there  are  coinciding 
assemblies,  they  should  be  arranged  in  a  row,  and  then  destroy 
the  center  point  and  write  down  the  unified  assembly. 

Next,  between  each  of  the  pairs  of  points  we  place  the 
transfer  contact  of  the  relay  with  the  largest  weight  qa  =  21*  1, 

joining  one  of  the  points  with  the  make  contact  and  the  other  with 
the  break  contact.  From  the  center  springs  of  these  contacts, 
as  well  as  from  the  points  corresponding  to  the  outputs,  we  draw- 
lines  and  make  up  hew  points,  of  which  there  will  be  2k  +  1. 
Between  each  pair  of  new  points  we  write  down  the  assemblies  in 
accordance  with  the , following  rules:  between  the  points  parallel 


(  -““I 

r •which  is  connected  the  make  contact  of  the  relay  with  weight 

a  we  wUe  out,  from  the  assembly  located  above  the  ‘contact,,  the 

*n 

numbers  less  than  the  weight  while  between  the  points  .parallel 
to  which  is  connected  the  break  contact  we  write  out  the  remaining 
.  numbers*  reduced  by  the?  weight  of  the  relay*  j 

i  * 

’vfe  than  make  a  comparison  of  all  the  asssrribxiOB  in  the 
following  sequence : 

1)  Me  verily  whether  there  are  any  coinciding  assemblies, 
on  both  sides  of  the  transfer  contact,  and  if  they  exist,  we  erase 
the  entire  contact  and  the  point  joined  to  the  center  spring,  and 
write  down  the  unified  assembly  between  the  extreme  points. 

2}  "Me  see  whether  there  are  any  empty  assemblies  and  if 
such  are  found  we  join  the  points  between  which  is  located  an 
empty  assembly,  and  erase  the  corresponding  contacts. 

3}  We  verify  whether  there  are  any  coinciding  assemblies 
arranged  .in  a  row,  and  if  they  exist,  we  erase  them  as  well 
as  the  point  between  them,  and  write  in  this  place  the  unified 
assembly.  If  the  coinciding  assemblies  are  located  not  in  a  row, 
then  m  redraw  the  network  in  such  a  way  that  they  appear  in 
a  row.  In  particular,  one  can  interchange  the  places  of  the  make 
and  the  break  contacts. 

Between  the  newly-obtained  neighboring  points,  with  the 
exception  of  the  points  between  which  is  located  the  complete 
assembly,  we  draw  the  contact  ©f  t  to  next  relay  with  weight  %i  ~  1 


A3  o 


and  repeat. the  operation  on  the  change  and  joining  of  tbs  assemblies.  ! 

,  ..  We  continue  this  until  the  contacts  of  the  relay  -with  the 
lowest  weight  1  are  introduced  into  the  network,  vie  toan  redraw  tue 
network  and  unify  where  possible  the  individual  contacts  into  trans¬ 
fer  groups.  [ 


Fig.  6?  shows  by  way  of  an  example  the  construction  of  an 
inverse  network  for  a  binary  divider  of  number  01  pulses. 

Vfe  note  that  in  the  construction, the  resultant  network  is 5 
sometimes  planar,  and  sometimes,  the  complexity  of  such  a  network 
depends  net  only  on  the  base  vised,  but  also  on  the  sequence  with 
which  the  points  of  the  outputs  are  arranged  and  how  the  contacts 
are  connected  to  the  points,  which  is  of  no  significance  in  the 

construction  of  normal  networks. 

Sometimes  .  .  one  can  obtain  in  inverse  networks  simplifica¬ 
tions  analogous  to  the  simplifications  obtained  in  the  construction 
of  normal  networks  by  using  direct  leads. 

In  the  case  when  the  two  assemblies  adjacent  to  the  transfer 
spring  of  any  transfer  contact  •contain  the  same  numbers,  these 
assemblies  can  be  transformed  Into  three  assemblies,  in  analogy 
with  the  separation  of  the  assembly  for  the  direct-  lead  (see  Sec¬ 
tion  4  of  the  present  chapter).  The  distance  between  the  points 
to  which  the  transfer  contact  was  connected,  is  then  divides,  into 


three  parts,  in  two  of  which  we  draw  the  make  and  the  break  con¬ 
tacts,  and  two  points  remain  unconnected.  Between  them  we 


43/ 


'  write  down  the  separated  assembly,  and  we  assign  to  the  contacts  the-*] 
transformed  assemblies,  as  shown  in  Fig.  68a  for  the  assembly  given 
in  Fig.  52. 

In  the  particular  case  when  one  of  the  assemblies  adjacent  to 

f  the  transfer  oohtact  is  completely  contained  in  an  assembly  of  an— 

]  f- 

other  contact,  the  contact  corresponding  to  'the  first  assembly  can 

be  erased,  and  in  the  second  assembly, the  numbers  contained  in  the 
first  assembly  must  be  made  conditional,  as  shown,  fen*  example ,  An 
Fig.  68b (compare  with  Fig.  53).  With  this  aid  of  this  rule  one  can 
eliminate  from,  the  network  of  Fig.  67  the  contacts  designated  by 
crosses.  We  note  that  the  joining  of  such  a  separated  asserably  with 
the  neighboring  coinciding  assembly  can  lead  to  disturbance 

in  the  operation  of  the  network,  analogous  to  what  occurs  when 
direct  leads  are  joined. 

11.  APPLICATION  OF  THE  GRAPHICAL  METHOD  FOR  THE  CONSTRUCTION 
OF  CONTACT  NETWORKS  WITH  MULTIPLE-POSITION  TRANSFER 
SWITCHES 

In  the  preceding  sections  we  developed  a  graphical  method 
for  the  construction  of  contact  (1,  k}-pole  networks,  made  up  of 
contacts  of  relays,  i,e.,  contacts  of  two-position  elements.  We 
now  extend  this  method  to  include  the  construction  of  networks 
made  tup  of  contacts  of  multiple -position  elements,  for  example, 
step  switches. 

Let  us  consider  networks  of  contacts  of  n  switches  A^,  A2, 


*  *  • 


i  An,  each  of  -which  has  /  positions  (blades).  Since  each  switch  can 
be  in  f  positions,  the  entire  network  will  have  /  different  states. 

i/w  O 

In  analogy  with  the  relay-contact  (apposition)  networks,  we 
number  these  states.  For  this  purpose  we  assign  to  each,  switch  A  • 

:  a  weight  ",  i.e. ,  for  thre e-position  switches  we  obtain 

weights  1,  3,  9,  27,  far  four-position  switches  we  have  1,  4,  16, 
64,  etc. 


m  assign  to  each  position  of  the  switch  the  numbers  j  -  0, 

-4  ••«»'/“  1*  aad  we  assume  the  number  of  the  state  to  be  the  sum 

of  the  products  of  the  number  of  tho  position  in  which  each  of 

x 

tbs  switches  Af  is  located  in  the  given  states,  by  the  weight  q „ 
of  this  switch,  i.e,, 

a”lw,. 

(7.6) 

Inus,  the  states  will  have  numbers  from  aero  to  —  1. 

Table  19  gives  an  example  of  the  numbering  of  the  states  of  the 
network  made  up  of  two  three-position  switches. 

As  in  the  case  of  a  relay,  any  circuit  of  the  contacts  of 
the  multiple -position  switches  can  be  written  in  the  form  of  an 
assembly  ox  nuf».oers  of  those  state  a ,  in  which  this  circuit  should 
or  can  be  closed,  i.e,,  in  the  form  of  an  assembly  of  obligatory 
and  conditional  numbers. 

ioe  construction  of  the  network  proceeds  in  the  same  way 
as  for  relay  contacts,  the  only  difference  being  that  everyjtime  one 


["draws  not  the  transfer  contact  of  the  relay,  but  a  switch  with  / 
positions  (blades),  mid.  the  lead  from  each  of  these  positions, 
number  j  «  0,  1,  ...,  X  ~  1,  from  the  preceding  assembly  one  assigns 
numbers  from  j.q,  to  (j  +  Iky  -  1,  which  the  number  jqx 


..  is  subtracted. 


Table  19 
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1)  Switches  %  are  in  positions  with  numbers, 2)  number  of 
stats  of  the  network,  o (,  3)  states  of  the  circuits. 

Thus,  for  example,  for  a  three -position  switch  with  weight 
=  3  we  find  that  to  the  asro  lead  Cj  =  0)  are  given  the  numbers 
0,  1,  and  2,  while  to  the  first  lead  (j  =  l)  —  the  numbers  3,  4, 
from  which  three  is  subtracted,  and  to  the  second  lead  (j  =  2)  sre 
given  the  numbers  6,  7,  6,  from  which,  six  is  subtracted. 

By  way  of  an  example,  let  us  show  the  construction  (Fig. 
69a)  of  a  network  for  two  three-position  switches  Ay  and  Ap, 


»5,o!d" 


[when  the  circuits  ara  specified  by  the  following  assemblies  (see  table 

19)2  X,  -  {%  4,  6,(0,  5>j; 

X$  ***  t  *  0*  *^)}* 

Xt-{3,  5,  ?,  a  (6)K 

J.  *  i 

:  .  J 

Fig,  69b  shows  the  same  network  In  the  redrawn  form.  As  in 

the-  case  of 

networks  with  two-position  elements,  in multiple -position  switches 
the  complexity  of  the  network  may  depend  on  the  sequence  With  which 
are  assigned  to  the  switches,  and  ’’direct"  leads  can  ba  established 
during  the  constriction. 


<c?/ 
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Chapter  8  '  i_ 

TRANSPOUftTIONS  OF  RELAY  NETWORKS 
1.  General  Concepts  of  Relay  Networks 

In  the  preceding  chapters  we  considered  transformations  of  con¬ 
tact  networks  and  circuits,  and  the  main  criterion  for  the  equivalence 
was  considered  the  equality  of  their  structural  admittances. 

In  relay  networks,  there  are  in  addition,  to  the  contacts 

also  the  relay  windings,  as  well  as  other  elements  such  as  resis¬ 
tances,  rectifiers,  capacitors,  etc. 

In  the  present  chapter  we  shall  consider  relay  networks, 
which  raajr  contain  along  with  the  relays  only  active  resistances.  In 
addition,  we  shall  assume  that  the  network  is  fed  from  a  signal 
source,  i.s,,  it  has  the  form  of  a  two-terminal  network,  the  ter¬ 
minals  of  which  are  the  points-  where  the  current  source  is  connected „ 
In  relay  networks  we  are  interested  above  all  by  the  operating 
conditions  of  the  relays  contained  in  the  network.  The  operation  of 
a  relay  in  a  network,  depends,  on  the  one  hand,  on  the  state  of 
the  contacts,  and  on  the  other  on  the  presence  of  active  resistances 
in  these  circuits  (including  windings  of  other  relays),  and  in  the 
case  of  multiple -winding  relays  also  on  the  interaction  between 


] 


P-windings. 

The ref ore ,  before  vs  proceed  to  the  question  of  transformation 
of  relay  networks?  we  shall  see  on  what  tne  operation  in  a  network 
depends  and  how  this  operation  is  influenced  by  the  active  resistances 
i  contained  in  the  relay  circuit.  j. 

t 

2.  Ocerating  Conditions  of  a  Relay  in  a  Network 

**■ — — — **~^*~~~  ~  ~  miblocked 

The  state  of  a  given  electromagnetic  non-polar 5- as o^r slay  depends 
on  the  magnetic  flux  produced,  by  the  relay  windings,  and  this  can  be 
characterised  by  the  ampere  turns  (the  product  of  the  current  flowing 
in  the  winding  by  the  number  of  its  twns). 

The  operation  of  a  relay  of  a  given  construction  and  a  given 
load  is  determined  by  the  following  values  of  the  ampere  turns,  which 
characterise  the  limits  of  possible  transition  of  the  relay  from  one 
state  into  the  others 

The  non-operation  ampere  turns  AW^,  i.e.,  the  maximum  value  o± 
ampere  turns  at  which  the  relay  will  still  not  operate. 

The  operating  ampere  turns  AV  0 ,  i.e.,  the  minimum  number  of 
ampere  turns  at  which  the  relay  will  operate  reliably. 

The  holding  ampere  turns  AW^,  i.e.,  the  minimum  value  at 

which  the  relay  will  continue  to  hold  after  it  has  operated. 

The  release  ampere  turns  AMr,  i.e.,  the  maximum  number  of 
ampere  turns  at  which  the  previously-operated  relay  will  be  fully 
released. 


Tbs'  following  relay  is  possible  .hare 


¥c>AWv>AWr 

h.>  -v 


For  most  telephone  relays  we  also  have  tbs  relation. 


'*•  turns 

The  forking**  ampere  turns  i»®« »  the  as&psre^whica  are 

.produced  in  a  given  relay  winding,  depend  on  the  parameters  of  this 
winding  as  well  as  on  the  voltage  of  the  current  source  and  other 

circuit  parameters.  If  the ' following  relation  is  satisfied 

W  ^  (,8 .  la ) 


the  relay  will  operate  reliable,  and  if 


(8.1b) 


it  will  be  in  the  quiescent  state. 

For  intermediate  values  of  My,  i.e., 

AW»<AW9<AWt, 

Vi 

the  relay  will  remain  in  the  state  in  which  it  was  before  the  in¬ 
stant  when  those  ampere  turns  were  produced,  or  may  be  in,  an  inter¬ 
mediate  stats. 

Lot  us  set  in  correspondence  with  each  relay  A  if or  simplicity 
of  argument,  we  shall  assume  for  the  time  being  that  it  has  only 
one  turn)  a  coefficient  which,  will  be  taken  to  mean  the  ratio 

of  the  working  ampere  turns  A%  produced  by  the  winding  in  any 
state  of  the  network,  to  the  operating  ampere  turns  of  this  relay 


(3.2) 


X, 


r  (This  coefficient  is  sometimes  called  the  reliability  margin  in  ~1 
operation) , 

Vfe  shall  assume,  this  coefficient  to  be  positive,  if  the  current 
flews  from  the  start  of  the  winding  to  its  end,  and  negative  other- 
.  yise  (we  assume  all  relays  to  be 

wound  in  the  same  direction) , 

Both  the  quantity  AW  ,  and  the  nuraber  of 
turns  are  constant  far  a  given  relay,  and  therefore  the  coefficient 
will  depend  on  tbs  voltage  of  the  power  source  and  the  state  of 
the  circuits  to  which  the  given  winding  is  connected.  We  shall  hence¬ 
forth,  as  .  is  observed  in  most  practical,  that 

the  voltage  is  constant. 

Under  these  conditions  the  current  in  the  relay  winding, 

connected  in  the  relay  network,  will  depend  on  the  resistances  in 

the  circuit  of  this  relay,  on  tbs  mutual  connection,  and  on  the 

connection  with  the  current  source.  Since  the  configuration  of  the 

relay  circuit  depends  on  the  states  of  the  contacts,  consequently 

the  coefficient  )\  may  change  during  the  operation  of  the  net- 

A 

work  and  will  be  a  discrete  function  of  the  states  of  the  contacts 
of  the  network 

\  .  ..  L 

(h.3) 


l- 


fa*  •  *  *  t  ^)* 


The  value  of  ^  can  change  from  sero  (no  current  in  the 
.  A 

windings)  to  &  A  ,  the  value  of  which  is  determined  by  the  ampere 
<£* 

turns  produced  by  a  given  winding  when  the  source  voltage  is 


<¥/ 


connected  to  its  terminaxs,  and  the  sign  is  determined  by  t 
direction  of  the  current  in  the  winding,  i.e., 

0<\>‘a\<Aa. 


!  -■  J  \ 
V-'.'W 


For  networks  in  which  only  pure  contact  circuits  operate  on 

the  relay  windings  (without  parametric  action),  /V  can  assume  only- 

two  extreme  values,  depending  on  the  state  of  the  circuit  f ,  acting 

& 

on  this  windings 


"£■*- t-  f  ji*»  o 


\&A  fA=l. 

1  (6.5) 

If  a  finite  sd:  conductance  Q  is  placed  in  series  with  the  relay 

A  (we  shall  use  the  concept  of  conductance  ratbor  than  that  of 

resistance .for  convenience  in  using  the  symbolic  algebra  of  contact 

networks),  as  tae  conductance  is  increased  from,  aero  to  infinity  the 

coefficient  ^  will  increase  from  zero  to  )i  ,,,  as  shown  in  Fie. 

£%  •**- '  ° 

'/Oa*  To  the  contrary,  in  the  case  of  parallel  connection  of  the  same 

conductance,  xhe  value  of  /\  will  decrease  "with  increasing  G 

-  A  u 

(.Fxg37uc)«  (As  in  other  cases  in  considering  shunting  action,  we 
shall  assume  that  the  voltage-source  circuit  contains  a  suitable 
limiting  resistance),  In  accordance  with  this,  we  can  separate 
regions  W  of  the  values  of  the  conductance  Q,  at  which  a  given  relay 
in  a  given  network  operates  reliably  (shown  shaded  in  Pig.  70b  and 
3),  ana  regions  n,  at  which  the  relay  never  operates*  Between 
these  will  lie  the  intermediate  region,  in  which  the  state  of  the 
relay  depends  on  its  pore  ceding  state  (or  the  relay  can  be  an  ints^- 


J..,. 


relate  state,  some  of  the  contacts  have  been  switched  over,  and 
some  not). 

In  accordance  with  (8.1),  the  region  w  of  reliable  operation  of 
the  relay  A  is  determined  by  the  relation 

.  jx4|>i  ^*6a) 

and  the  region  n  by  the  relation 

I^K^.  ^•6b) 

For  each  state  of  the  contacts  of  the  relays  of  the  network, 
if  we  know  how  the  individual  windings  and  resistances  are  inter¬ 
connected  and  we  know  their  parameters,  we  can  determine  the  values 
of  the  coefficients  X  and  from  them  judge  the  operation  of  the 
relay. 

We  now  consider  how  the  inclusion  of  active  resistances  in 
the  circuit  affect  the  operation  of  a  relay. 


3.  ROLE  OF  ACTIVE  CONDUSTANGE  IN  A  RELAX  CIRCUIT 

As  we  have  just  seen,  when  an  active  conductance  G  is  intro 
dmed  in  the  winding  circuit  of  relay  A,  the  coefficient  X  is 
reduced. 

When  a  conductance  G  is  added  to  the  circuit  of  a  singte- 
winding  A,  depending  on  the  value  of  this  conductance,  the  relay 
can  do  the  followings 

a)  Operate  and  hold  (  ^  ^  •*-)* 

b)  Not  operate,  but  hold,  if  it  has  operated  previously 


1 


(1  >  >  A  >  AWh/AV0). 

o)  Kettter  operate,  nor  hold  (  X  ,  AWr/AW  ). 

In  cases  (a)  and  (e),  the  character  of  the  effect  of  the 
connected  conductance  is  lode  pendent  of  the  state  of  tha  relay,  vs  ter  e 
as  in  case  (h)  these  defects  will  differ  depending  on  whether  tha 
relay  has  previously  operated  or  not,  ~ 

Therefore  in  the  analysis  of  the  operation  of  relay  A  tha 


conductance  G  can  ba  replaced  by  the  value  indicated  in  Table  20, 

Table  20 


$) 

0 

$ 


Rtterei**  pejs*  A  it mm*®*#* 
leas  st  mwty  0 

j  Bcaa  0  nwnuMtM 

a  A,  fa  <i5»»  3«^»a*ref»  ha: 

jnpit  acKJr 

■  jHOM  filUMOqfHKH 

*vf 

npH  napajwjsrfws 

Pe^e  cptfmumv?  h  yAepHos* 
saaer 

1 

0 

Pejf*e  m  m 

yaepawBaet 

a 

a 

Pe^ie  m  cpa&mjfeaer  *? 
yA^p>Kn»aer 

0 

a 

1 

i)  Action  of  relay  A  when  G  is  connected  to  it. 


2)  If  the  conductance  G  is  connected  to  A,  it  is  changed  by*. 

3)  In  series  connection 

4)  In  parallel  connection 

5)  Relay  operates  and  holds 

6)  Relay  doss  not  operate  but  holds 

7)  Relay  operates  and  does  not  hold 


If  there  are  several  conductances,  the  operating  conditions  of 

t 


the  relay  can  be  more  complicated. '“Thus,  for  example,  the  same  1 

conductance ,  connected  in  parallel  to  a  relay,  depending  on  ine 
presence  or  absence  of  another  conductance  connected  in  series,  may 
either  disturb  ar  not  disturb  the  operation  of  the  relay. 

The  dependence  of  the  operation  of  a  relay  connected 

in  the  diagonal  of  a  bridge  made  up  of  active  conductance  is  parti- 
c  ular ly  c  oiripl  io  a*ted  * 

As  yet  there  is  no  general  method  for  converting  relay  networks 
with  active  conductances.  However,  for  the  case  of  class  TT  networks, 
under  certain  limitations,  which  will  be  discussed  la^er,  o«e  -an 
give  an  analytical  method  of  equivalent  transformations  of  rsiay 
networks,  which  can  be  used  above  all  in  their  synthesis. 


4.  CONCEPT  OP  THE  ORDER  OF  THE  GQISUOTANCE 
In  order  to  characterize  the  effect  of  a  finite  conductance 
0  connected  to  a  relay  A,  we  introduce  the  concept  of  the  order  of 
the  conductance.  Each  conductance  G  will  be  judged  in 

accordance  with  how  it  .  effects  the  operation  of  a  given 

relay  A  in  a  given  network  in  series  and  in  parallel  connection. 
With  this,  we  shall  consider  only  the  regions  in  which  reliable 
operation  or  release  of  the  relay  is' insured  (regions  v  and  n  in 

Fig.  70 ). 

If  the  conductance  G,  connected  to  relay  A,  both  in  series 
and  in  parallel,  does  not  disturb  the  operation  of  this 


Prelay,  vs  shall  say  that  this  conductance  is  of  one  order  ■with  relay  f 
A,  and  we  shall  agree  to  designate  it  by  G_ 

If,  however,  the  addition  ef  the  oond.uota.neo  G  in  series  with 
the  winding  of  the  relay  A  disturbs  completely  the  operation  of  tas 
.  relay,  while  parallel  connection  of  the  game  conductance  does  not  , 
disturb  the  operation,  we  shall  say  that  the  conductance  G  has  a 
lower'  order  with  respect  to  the  relay  A  and  will  be  denoted  by  G^ 

To  the  contrary,  if  parallel  connection  of  the  conductance 
disturbs  the  operati-on,  while  series  connection  does  not  affect  it, 
we  shall  say  that  the  conductance  G  is  of  higher  order  with  respect 
to  relay  A,  end  we  shall  denote  it  by  symbol 

Finally,  a  case  may  bo  when  the  operation  of  the  relay 

A  is  disturbed  both  by  parallel  and  by  series  connection  of  the 
conductance  G.  Such  &  case,  however,  has  no  practical  significance 
and  us  shall  not  consider  it. 

We  note  that  the  concept  of  the  "order  of  conductance"  is 
relative,  since  it  characterises  not  the  absolute  value  of  the.  con¬ 
ductance  (or  resistance),  but  tbs  effect  of  this  of  this  conductance 
on  the  operation  of  the  relay  in  the  network,  i.e,,  it  pertains  to 
the  specific  parameters  of  the  network  and  to  the  voltage  applied 
to  it. 

It  ishseen  from  the  definitions  that  without-disturbing  the 
operation  of  the  relay  A,  one  can  connect  in  series  istsck  with  the 


"winding  of  this  relay  a  conductance  of  the  same  order  or  nigfaer  (we  i 

{shall  denote  it  in'  general  form  by  G  ).  On  the  other  hand,  a  con- 

•&-Jk 


dootanoe  G  ,  connected  in  series,  causes 


disturbance  of 


the  operation  of  the  relay  A.  Analogously,  the  parallel  connection  of 

a  conductance  of  lower  order  or  of  the  same  order  (denoted  in  , 

) 

;  general  form  G<»)  win  not  affect  the  operation  of  the  relay, 
while  a  parallel-connected  .conductance  of  higher  order  G  shunts 

the  relay  aM  disturbs  its  operation. 

We  shall  agree  that  if  the  formula  or  a  certain  separated  _ 

part  of  the  formula  does  not  have  any  indication  of  the  order  of  the 

conductances, contained  in  tbs  formula  for  elements  of  finite  eonduc- 

then 

tanee  (in  particular,,  relay  windings),  all  these  ©laments  have  the 
same  order  of  conductance. 


5.  INTERACTION  OF  RELAYS  IN'  A  NETWORK 

In  the  presence  of  several  relays  in  a  network 


relay  .represents  a 


finite  conductance  with  respect  to  the  winding! 


of  the  other  relays,  aid  they  can  influence  the  operation  of  eaen 
other.  Without  considering  all  possible  cases  of  mutual  influence 
of  the  relay  windings  connected  in  the  network,  we'  snail  coniine 
ourselves  to  the  ease  (which  is  most  Important  from  the  point  of 
view  of  practice)  when  the  parameters  of  the  relays  are  .  so  chosen, 
that  the  following  conditions  are  satisfied t 


a)  ccuh  Tfe  E~a\  ' 

6)  ecrai  A>b<  to  E<a\ 

b)  ecss*  A<s>  w  &>a- 

Prom  the  definitions  and  limitations  assumed  above,  we  can 
Obtain  the  following  properties: 

1)  Transitivity: 

■  If  A>b  and.  B>0,  then  A >(J  or  C<&;  (*'*) 


1 

(8-7> 


2)  equality  of  orders: 

If  A  m-  B  ?il  then  ^  B  or  B  ^ 

3  5  non -realizability s 

Tf  A  and  B  i, ,  then  the  network  is  not  realisable* 
/”B  <A- 

It  follows  from  the  definitions  that  if,  for  example,  three 


relays  —  A,  B,  and  C  —  satisfying  the  relation  A^-g  and  B>c 


(or  and  C  are  connected  in  series  and  to  the  power  supply, 

only  relay  B,  with  the  lowest  order  of  conductance,  will  operate. 
In  the  case  of  a  parallel  connection  of  these  relays,  only  relay 


A  with  tha  largest  order  of  conductance  will  operate. 

If  all  three  relays  have  the  same  order  of  conductance,  all 
will  operate  simultaneously  both,  in  the  case  ol  series  and  in  the 
case  of  parallel  connections. 

Let  us  agree  also,  that  the  values  of  the  conductances  and 
the  parameters  of  the  relays  are  so  chosen  that  in  parallel  or 
series  connection  of  a  finite  number  of  conductances  of  one  order, 
the  total  conductance  will  be  of  the  same  order,  i.a.. 


*L*/f 


A  *4^  4*  •  *  *  4"  «» '(^l  -f*'  A  4*  •  *  *  ~r  a) 

Ji-S*,A ...  ,-K^A  “  .  ,  .  K.)*.a.  I 


(3.11) 


For  conductances 

of  dJ 

Lfferant 

order,  the. 

iota 

series  connection  will 

be  d'; 

iterninoc 

!  by  the  alo 

mont 

conductance  of  lowest 

order 3 

.  and  in 

parallel  ec 

innec 

-order 

meet  with  the  highest  conductance,  i.e., 

A 


B>a  4*  $<a  ~  B>,4; 
B>aB<a^B<a. 


Ft  or  this  it  follows,  in  particular ,  that 


(y.12) 


0-G  =  0;  1  -C  ■**  G; 

0-f-  <3  =  G;  1  -}-  G  **  1. 


-  i  v  i 


0«  Equivalence  of  Relay  Circuits 

As  already  indicated ,  the  principal  factor  in  relay  networks 
is  the  operation  of  thes  relays.  Relay  networks  which  have 
different  structures  but  signals  of  the  same  character  and  sequence 
applied  to  the  elements  lead  to  identical  states  of  the  actuating 
circuits  and  to  identical  operation  of  the  actuating  elements,  will 
be  called  equivalent. 

In  the  literature.  /16/  relays  are  sometimes  called  "equal1* » 
Cars  should  be  taken  to  distinguish  between 
equivalence  of  contact  networks  as  regards  to  their  structural 
admittance,  and  equivalence  as  regards  the  operation  of  the  relay 


1  in  the  network* 

In  the  present  book  wa  shall  consider  not  all  possible  equiva¬ 
lent  networks,  but  only  equivalent  networks  with  the  same  nui&er  of 
relays  and  the  same  operating  sequence,  i.e.,  networks  the  action  of 
...  which  is  determined  by  one  and.  the  same  table  of  connections.  In 
other  words,  we  consider  here  transforaatiomof  relay  networks, 
for  which,  the  operating  functions  of  each  relay  and,  of  each  actuating 

circuit .  are  specified. 

If  in  addition  to  that,  the.  networks  have  the  same  conductance, 
accurate  to  within  its  order,  we  shall  call  them  absolutely 

equivalent.  Knowledge  of  the  conductance  of  a  relay  network  is 
important  from  the  point  of  view  of  the  mutual  influence  of 

individual  relay  networks  when  they  are  connected  into  a  common  net 

work. 

¥e  shall  distinguish  the  following  transformations  of  relay 
networks : 

1)  Equivalent,  which  lead  to  networks  with  the  same  operation. 
We  shall  introduce  fcsr  these  transformations  the  symbol  «  . 

2}  Equal ,  which  lead  to  networks  of  the  same  (accurate  to 
within  Its  order)  structural  admittance.  For  these  transformations, 
in  analogy  with  contact  circuits,  we  shall  use  the  •  eqsial 


sighj,  «  •  ■  ' 

3)  Absolutely  equivalent,  which  do  not  change  the  operation 

of  the  network  and  its  structural  admittance.  For  these  trans- 


e<*X/ 


r  formations  we  shall  use  the  symbol  ~~  . 

7.  Equivalent  !Cranaforiaatlons  of  Relay  Ifetworkg 

Ws  have  seen  that  in  the  case  of  contact  circuits,  equal 

;  transformations  of  the  algebra  of  the  contact  networks  lead,  to  con¬ 
tact  networks  which  have  tbs  same  structural  admittance,  i.e.,  net¬ 
works  are  obtained,  which  will  be  simultaneously  closed  or  opened 
for  different  states  of  the  relays,  whose  contacts  eater  into  these 
networks.  However ,  the  formalism  of  the  algebra  of  contact  networks 

-f 

cannot  always  be  used  for  transformations  of  relay  networks,  since 
we  are  interested  not  in  the  structural  admittance  of  the  relay  net— 
works,  but  in  the  relay  operation.  In  addition,  the  laws  of  the 
algebra  of  contact  networks  are  not  always  valid  for  elements  of 
finite  conductivity  (in  particular,  inversion 

is  not  defined  far  these  elements} .  A  relay  circuit  containing 
elements  of  finite  conductivity  (in  the  sense  of  its  influence  on 
the  operation  of  the  relay)  can  be  considered  as  having  values  aero 
or  one,  aid  therefore,  with  certain  restrictions,  the  laws  of  the 
algebra  of  contact  networks  can  be  used  also, for  the  transformation 
of  relay  networks. 

Let  us  see  now  what  transformations  can  be  carried  out  with 
relay  networks  in  order  to  obtain  equivalent  networks  with  allow¬ 
ance  for  everything  said  above. 

It  is  easy  to  verify  that  one  can  apply  to  networks  of  class 


o^c5“w5_ 


TT".  containing  both  contacts  and  -windings  of  relays,  those  laws  of 
the  aJ.gabra  of  contact  networks,  which  do  not  lead  to  a 

change  in  the  number’  of  windings,  Above  sx 1,  one.  can  spoil  to  ?  t-x, 
networks,  without  any  limitation  whatever,  the  commutative  and 
associativa  laws  of  the  algebra  of  contact  netwares,  £.©«> 


xA  2S  Ax;  1 

X  4-  A  S£  A  -f  X;  j 

xyA=s(xy)A:=x(yA);  \ 

x  -h  y  -j-  A  s  (x  -f*  y)  -f-  A  ss  x  -f*  (y  -{■  A),  j 


(6.14) 


The  distributive  laws  of  ths  algebra  oi  contact  networks  are 
applicable  only  for  those  cases,  when  the  number  of  windings  does 
not  change,  i.e.,  for  the  interaction  of  the  contact  circuit  relative 
to  addition  and  multiplication  of  elements  of  finite  conductance 


(Fig.  71): 


x(A  4-  £)  35  xA  -f  xB; 
x+AB  ss(x.+  A)(x  +  K). 


(6.16/ 


In  formulas  (a.14)  —  (6,16),  x  and  y  can  mean  not  only  con 
tacts  of  individual  relays,  but  contact  circuits,  while  A  and  3 
can  mean  not  only  the  windings  of  individual  relays,  but  relay 


c  lx- cults. 


In  addition,  it  iaeasy  to  verify  that  if  the  network  consists 
of  windings  of  single-winding  relays  with  conductance  of  the  same 
order  and  if  the  sufficient  condition  far  the  operation  of  a 
relay  is  that  current  flow  through  the  winding  of  this  relay,  than 


<Ad~  y 


fail  networks  of  class  l»  will  be  equivalent,  since  for  any  oonnectiofl^ 
between  these  windings  the  current  will  pass  through  each  of  them,  and 
all  relays  will  operate  simultaneously.  In  other  words,  for  elements 
of  finite  conductivity  of  the  same  ordor  we  can  write  the  following 

i  absolutely  equivalent  transformation.  ( 

A-b  +Ba.ji&£A~g'B*.A'  (6. 17} 

If  the  windings  of  the  relay  have  conductivities  of  different 
order,  than  the  method  of  joining  the  windings  will  play  an  im¬ 
portant  role,  dm  to  the  limitation  of  the  currents  in  the  windings 
of  the  individual  relays,  as  indicated  above,  and  consequently 
transformation  (8.17)  is  not  applicable  in  this  cade. 

8.  Inversion  of  Relay  Networks 

■+■  . . .  . . . 

In  the  analysis  of  transformations  of  contact  networks  we 
defined  inversion  as  finding  a  network,  of  inverse  admittance.  In 
the  inversion  of  any  circuit  of  class  T,  parallel  connect, Ions 
become  series  connections  and  vice  versa,  while  make  contacts  become 
break  contacts  and  vice  versa. 

Let  us  examine  now  what  happens  in  a  relay  network  if  in¬ 
version  is  carried  out  in  the  aforementioned  sense. 

Ohon  going  from  a  series  connection  of  a  contact  circuit  and 
a  relay  winding  (Fig.  72a)  to  a  parallel  connection  (Fig.  72b) 
the  operation  of  relay  A  will,  not-  be  disturbed  only  If  the  cir¬ 
cuit  ^  ,  shunting  the  relay  A,  will  have  an  admittance  inverse  of 

A  . 


4 


the  circuit  f  ,  i.e.,  if  these  circuits  are  mutually  inverse  1 

9a  «  Ta .  (6.18) 

We  see  thus  that  by  inverting  a  relay  circuit  in  accordance 
yith  the  rule  of*  inversion  of  contact  circuits,  but  without  changing 
the  windings  of  the  relay,  we  obtain  a  new  network,  operating  in  ( 

•  the  same  manner.  It  is  easy  to  verify,  however,  that  the  two  net- 

vorkg  cliff 6r  in  ‘fche  ir  oojaductiviiy* 

Analogously,  in  going  from  series  connection  to  parallel 
connection  for  a  circuit  containing  relays  of  one  order  of  con¬ 
ductivity  (Fig.  73a),  the  operation  of  the  circuit  does  not  change 

if  the  conductivities  remain  of  the  same  order. 

■1 

In  the  presence  of  windings  of  different  orders  of  conductivity , 
upon  going  from  aerie s  connection  to  parallel  connection,  tbs  opera 
tion  of  the  circuit  will  not  change  only  if  the  orders  of  the 

conductances  of  the  relay 

windings  in  the  network  will  be  reversed  (Fig.  73b).  xt  we  con* 
cider  the  conductances  of  the  network,  we  shall  find  that  under 
the  foregoing  conditions,  in  the  case  of  inversion 

of  &  network  consisting  of  conductances  of  the  same  order,  the 
conductance  of  the  network  remains  of  the  same  order,  but  xx  the 
orders  are  different  the  order  is  reversed. 

^  ye  can  derive  from  tills  the  following  rules  for  inversion 

of  elements  of  finite  conductivity. 

Xn  networks  with  elements  of  the  same  order ,  inversion 


the  network  does  net  change  their  order,  and  if  conductances  of  I 

different  orders  are  present  in  the  network,  inversion  oauses  their 
order  to  be  changed  from  larger  to  smaller,  and  vice  versa, 

i*  e  . ,  • 

Cu>8  ss  _  I  ! 

0>4  sa  G</t;  |  ■ 

G  <4  »  0>A*  G<4~6>4»  ^ 

(8.19) 

Thus,  the  laws  of  inversion  as  applied  to  relay  networks  will 
have  the  form 


xA  ~s~~x-\-  A\  x+X  ssx-A; 

^>fi  ~  X  At^S's  X  -fr  ^>S  ~ 

•£^><6  "f~  A^s't  x -}■- Ai^s 


(8.20) 


Under  these  conditions  the  inversion  of  a  relay  network  is 
an  equivalent  transformation,  since  the  active  of  the  network  do< 


not  change.  In  other  words,  we  can  write 

F~>. 


(8.21) 


The  structural  admittance  of  the  network,  however,  is  inverted 


when  the  network  is  inverted. 

Along  with  this,  one  can  broaden  the  process  of  inversion  in 
relay  networks  and.  invert  not  the  entire  relay  network,  but  only  a 
part  of  it,-  (Individual  procedures  for  partial  inversion  of  relay 
networks  are  given  in  reference  /131/« )  Thus,  if  a  relay  two- 
terminal  network  0  is  isolated  in  a  relay  network,  and  if  this 
two  pole  network  includes  all  the  relay  windings  of  the  network 


-ymi 


ffhsn  om  can  invert  either  only  the  two-terminal  network  0,  or  tha 
entire  network,  considering  the  two-polo  0  uncna%ed,. 

To  prove  this  statement,  1st  us  represent  sues  a  raiav 
network  in  the  form  of  a  contact  four-terminal  network  I  m  a  relay 
.  two-terminal  network  0  (Pig.  74a).  If  we  consider  0  ee  the  load  of 
the  relay  network,  then  fren  tha  conditions  fer  sepssalion  of  the 
circuits  acting  on  this  load  fli>,  It/,  the  contact  four-pole  can  oe 
represented  in  the. form  of  a  L-shaped  link  (Pig.  73b), in  which  the 
longitudinal  arm  contains  a  circuit  with  admittance  equal  to  the 
input  admittance  isc  of  the  four-terminal,  network  in  which  the  outpa 
terminals  arc  short  circuited  10  -  1),  and.  in  the  shunt  arm  is  «tt> 
input  admittance  Ioc  with  the  output  open  circuited  {0  -  0). 

Iji  this  case  there  will  be  voltage  on  the  load  if  and  only  if 
the  cerios  branch  is  closed  <!„„  =  1)  and  the  shunt  branch  is 

w'v* 

opened  (3T0C  =*  0),  i.e.,  when  __ 

v^'  vfa  =  L 

So  do 

If  we  now  invert  the  network,  leaving  0  ’unchanged,  we  ooo&in 
a  new  network  (Fig.  74c)  with,  a  series  branch  Yoc  and  a  parallel 
branch  .  For  this  circuit,  the  condition  for  the  presence  of 
voltage  on  the  load  will  oc  the  same*  the  series  brancti  ^loo^o 
(IoC  =  1)  and  the  shunt  branch,  opened  (Isc  =  0>* 

y  *j.'(Yk.$) = y*x*  yv*®*  i. 

x,e. ,  the  conditions  remain  the  same. 

It  follows  therefore  that  upon  inversion  of  a  network  in 


[""which  the  two-polo  ^remains  unchanged,  the  conditions  for  the  flow 
of  current  through  the  latter  will  be  the  same  as  prior  to  inversion. 

However,  in  this  case  ths  input  admittance  (as  in  other  eases 
of'  inversion)  is  changed.  Actually,  if  the  input  admittance  of  the 


.  network  prior  to  inversion  was  .  ( • 

‘  m  k*.* 

cc 

it  becomes  after  the  inversion 

sc 

The  two-pole  $  can  in  turn  be  inverted  in  accordance  with  the 
rule  of  inversion  of  relay  networks.  Actually,  as  we  know,  inversion 
of  a  relay  network  does  not  change  its  operation,  but  only  its 
admittance.  Inasmuch  as  the  four-terminal  1  is  a  purely  contact 
network,  a  change  of  the  order  of  the  admittance  of  the  load  does 
not  change  the  condition  of  current  flow  through  it. 

By  way  of  an  example  lot  us  consider  the  network  of  the  form 
F  ~  the  inversion  of  which  leads  to  the  network 

f  ss  x  -j*  y  -f-  A. 


Using  the  coumniistion  rule  and  separating  in  different  manners 

•  part 

the  contact  two-pole  (for  the  sake  of  clarity  the  separatod^is.  under¬ 


lined),  ve  obtain 

F  a**  xyA  4 *x(y  -f  A)  4  x  -f-  yA 

or  ^  _ 

F  «=  yxA  4  y  (x  +  A)  4  y  4*  xA, 

All  the  networks  obtained  (Fig.  75)  are  equivalent,  but  have 


^different  structural  adad/ttances. 


1 


9.  EXPANSION  OF  BM  NLTNXKS  BX  IMKCDUCIMG  CONTACT  CIRCUITS 
A  relay  network  can  also  bs  modified  by  introducing  in  io, 


.  in  accordance  with  definite  rules,  contact  circuits  for  elements  of 
finite  conductivity.  We  shall  now  consider  under  what  conditions 


one  can  introduce  now  contact  circuits  into  e  relay  network. 

It  is  quits  obvious  that  the  "expansion”  of  individual  contact 
circuits  in  accordance  with  the  law s  given  in  Ghaptei  4  does  noo 
change  the  opening  principle  of  tk«  relay  network,  since  under  these 
expansions  the  admittance  of  the  contact  circuits  does  not  change. 

The  introduction  of  contact  circuits  in  relay  networks  offers 
greater  possibilities  of  expanding  the  networks.  Thus,  if  in  a 
normal  network  of  the  form  fA  ws  add  in  parallel  a  purely- 

eontact  circuit,  the  condition  of  operation  of  the  relay  A  remains 
unchanged  only  if  the  circuit  ^  is  opened  at  the  instant  whan  the 
circuit  f  is  closed.  In  other  words,  the  following  conditions 
should  be  satisfied. 


It  is  obvious  that  this  condition  is  satisfied  above  all  by  an 
expression  inverse  to  f,  xxeoqc  and  also  by  any  "smaller"  expression. 


$  /• 


°Ut 


,  vfe  can  tiros  write  down  the  following  equivalence  U?jLg#  76a)  t 

fA*pf  A  -fi.  (H. 22} 

Analogously,  the  equivalence  will; not  be  violated  for  an 
inverse  circuit  if  we  connect  la  series  a  circuit  which  will  be 
closed  when  the  circuit  connected  parallel  to  the  relay  winding  is 
opened.  This  corresponds  to  multiplying  an  expression  of  the  form 

...  .  ft  u 

P  +  a  oy  an  expression  which  is  inverse  to  pf  or  by  some  larger  ex¬ 


pression,  i„e.,  (Fig.  76b) 


?  +  **(*  +  *)  t* 


(8.23) 


It  is  easy  to  verify 'that  in  transformations  (8,22)  and  (?,2 i 
the  overall  admittance  of  the  circuit  changes  (with  the  exception  < 
trivial  cases  =  0  and  1-  =1),  and  consequently,  these  trans- 


ly,  these  tr&n 


formations  are  not  absolutely  equivalent. 


10.  EXPANSION  OF  RELAY  NETWORKS  BY  INlaODUClNG  ELEMENTS  CF 
FINITE  CONDUDTIVin 

net  us  consider  the  possibility  of  expanding  a  network  by 
introducing  elements  of  finite  conductivity,  to  accordance  with 
the  definition,  by  connecting  a  conductance  Gj>a  in  series  with 
ths  winding  of  relay  A,  of  the  sane  order  or  greater,  does  not 
change  the  operating  conditions  of  this  relay,  Naturally,  the 
operating  conditions  will  remain  unchanged  if  the  conductance  of 


Fthis  circuit  is  further  increased  by  connecting  in  parallel  to  ~1 
sobs  circuit  Si  (purely-oontact  cur  with  element  of  finite  conductivity 
(but  not  with  relay  windings  •  Kleraonts  of  finite  conductivity  can 

be  replaced  by  windings  if  circuits  of  several  relays  are  combined 

Done  can 

It  follows  therefore  that^connsct  in  series  with  ^ 

'  any  relay  network,  without  disturbing  its  operation,  a  circuit  of 

the  form  &  _  ,  1  Si  ,  where  A  is  the  network  relay  winding  with  tne 

ci 

largest  order  of  conductance  (Fig.  77a) J 

f  ...  s  fl*i  Xt  . » . »  z-,  At* . » • » An)” 

(^i*  ••••  t  ■  1 1  Ait  ...  *  An)  (o.2<4) 

Analogously,  we  can  connect  in  parallel  to  each  relay  network 
a  circuit  of  the  form  (where  is  the  network  relay  winding,'., 

having  the  smallest  order  of  conductance ) : 

f  (^i,  .  -  *  ,  Qrtt  X>  *  •  •  t  *  t  A^  •  •  •  a  Atj)  *|* 

-{“  F  (ay . . . ,  cnt  x, . . . ,  z,  Ai, ...»  An)-  (r6.25) 

Those  equivalences  are  in  general  not  absolute.  They  become 
absolute  only  when  tba  structural  admittances  of  F  and  S2.  are  related 


as  follows: 

If  F  =  1,  then  SX  -  1  for  the  equivalence  (8.27,) 

« i^) 

If  F  =s  0,  then  Cl  --  7  for  the  equivalence  (8.25). 

In  the  cage  when  the  network  F  is  of  the  normal  or  inverse 
type,  i.e.,  when  its  structural  admittance  cannot  assume  the  values 
of  conditions  (8.26),  then  the  equivalences  (8,24)  and  (8,25) 
become  absolute  (Fig.  77b  and  c)t 


e*rA3 


<A4f 


~1 


f*A  EB  4" &')fmAi 

-f •  A& 4"  ¥ 4*  A, 


(8.27) 

(8.28) 


Ths  circuit  % :  4-  Q.  can  also  b©  introduced  in  series,  and 

:  the  circuit  iiG  in  parallel  with  the  winding  of  the  relay  A,  i.e.. 

’  one  can  add  to  formulas  (8.27)  and  (8,-28)  the  following  equivalences 

fA~sf  (A  ■¥&$<*)'  (8.29) 

f  4-  A  »*  4  {<i&A  +  ®)  A.  (8.30) 


Elements  of.  finite  conductivity  can  also  be  introduced  into 
individual  circuits,  acting  on  the  rainy  A.  Thus,  an  element  with 
a  conductivity  or  a  circuit  of  the  form  G^a  4  Jt  can  be 
connected  in  series  with  any  contact  circuit,  connected  in  series 


with  the  winding  of  the  relay  A. 

In  otter  words,  in  any  term  contained  in.  f  one  can  introduce 
as  a  multiplying  factor  the  expression  G>A  til,  (i»  tte  particular 
case  £L  s=  0)  without  disturbing  the  operation  of  the  networks 

+  MAs* [ft (G#a  4- 2)  +  f»M s ■+  ®M A'  (8‘31> 

On  the  other  hand,  the  operation  of  the  network  remains 
undisturbed  if  we  c on.no e t 

a  conductance  of  the  fora  A 2.  G<pa*  whose  order  is  less  than  the 
conductance  of  the  relay  winding,  in  parallel  to  the  contact  cir¬ 
cuit  connected  in  series  with  tte  winding  of  relay  A,  sines  by 
definition  in  cases  when  the  contact  circuit  is  open  the  current 
will  not  be  sufficient  in  the  relay  winding  to  operate  this  relay, 

t 


*1.6^ 


In  other  words,  one  can  add  to  the  formula  of  the  contact  cir-~] 
cult  of  a  normal  network  of  relay  A  an  egression /J*G as  an  additive 
term  to  any  part  of  this  circuit  (in  particular  case  yv  z  l):' 


fA^  {f  -\-QG< A)  A:  (8.32a) 

fiftA*T-(ft  4*  QGca)  f%A. 

(8.32b) 


Analogously,  in  contact  circuit's  connected  in  parallel  to  the 
winding  of  relay  A,  one  can  add  in  series  a  conductance  +  SL, 
•while  in  parallel  one  can  add  a  conductance  -H-G 


ftfs  +  A  ss  ft  (<p2  +  2G<i)  -f  A ; 

«P  4-  A*r-f(G>A  4-  2)4-j4; 

®i  4*  4'  A  4i  (Q>a  4'  *1*) ~{~  *Pa  ~j-  A. 

If  formulas  (8.27)  —  (8.34)  are  compared  with  (4.23a)  and 
(4.23b)  for  the  expansion  of  contact  networks,  as  well  as  with 
formulas  (8.22)  and  (8 .33),  an  interesting  analogy  can  be  made 
between  ths  concept  “order  of  conductance ”  and  the  concept  of 
larger  or  smaller  contact  circuits.  Actually,  where  a  larger  circuit 
can  be  connected  to  a.  contact  network  without  affecting  the  overall 
admittance,  one  can  introduce  in  a  relay  circuit  an  element  of 
finite  conductivity  of  greater  order  without  disturbing  the  op-ora- 


(8.33) 
(8.34a ) 
(8,34b) 


tion  of  the  network. 


An  analogous  correspondence  exists  between 


the  smaller  contact  circuit  and  a,  lower-order  element  of 


finite 


_  .  JL 

P  11.  ACTION  OF  MULTIPLE-WINDING  RELA3CS 


~1 


In  tha  cases  considered  above  it  was  assumed  that  each  relay 
has  a  single  winding  (one  responding  organ).  In  practice,  one  uses 
extensively  multiple-winding  relays,  the  action  of  which  depends  not 
■  only  on  tha  state  of  the  circuits  in  which  individual  are  connected, 
but  also  on  the  interaction  of  these  windings. 

Far  a  multiple-winding  relay  we  number  (in  the  general  case 
the  numbering  order  is  immaterial)  all  the  windings  of  the  relay  and 
write  down  the  number  of  the  winding  as  a  superscript  to  the  symbol 
■  of  the  relay,  i.e.,  A  ,  A',  etc.  denote  the  first,  second,  etc. 
windings  of  the  relay  A.  In  addition,  we  agree  that  if  in  winding 

A  the  current  flows  frost  the  and  to  the  beginning,  the  symbol  for 

% 

this  winding  will  be  A  . 

Ns  note  that  it  is  not  always  essential  to  write  down  the 
winding  numbers.  This  pertains  in  particular  to  intermediate  trans¬ 
formations  in  the  case  when  the  windings  of. one  relay  are  ail  of 

jf 

the  £&£!£  order  of*  conductance* 


In  a  multiple-winding  relay  the ' magnetic  flux  is  proportional 
to  the  total  ampere  turns  produced  by  all  tha  windings,  with,  allow¬ 
ance  for  the  direction  of  the  current  in  the  individual  windings. 

If  wa  denote  by  *XAt  the  ratio  where  AWy  are  the 

1 

'•working"  ampere  turns  produced  by  winding  A  of  relay  A,  then 
the  operation,  of  relay  A  can  be  characterised  by  the  algebraic 
sum  of  these  coefficients  for  all  the  windings  of  this  relays 


r  .  '  *  *  1 

ass  E 
* 

There  are  still  no  general  methods  for  transforming' rel^y 
networks  with  multiple-winding  relays,  and  in  the  next  sections  we 
•  shall  only  discuss  several  particular  cases,  which  are  of  practical 

i  *  # 

■  significance .  We  note  above  all  that  tha  traasf ormation  of  relay 
networks  will  depend  on  whether  all  the  windings  are  connected  in  a 
coordinated  manner  (the  current  flows  in  all  windings  in  only  one 
direction) ,  or  whether  there  exists  bucking  windings. 


12.  mm  WITH  COCEDIHATED  WIKDBKS 
.1 

For  relays  with  coordinated  windings,  we  Introduce  tbs  follow¬ 
ing  limitations! 

For  operation  of  the  relay  it  is  sufficient  that  tha  circuit 
be  closed  of  at  least  one  of  the  windings  and  that  the  relations 
that  follow .  from  the  concept  of  the  order  of  conductance  be  retained. 

When  conductances  of  lower  order  are  connected  in  series  with 
the  windings  or  conductances  of  higher  order  are  connected  in 
parallel,  the  relay  will  not  operate  or  hold,  even  though  current 
flows  simultaneously  in  all  windings. 

In  other  words,  we  shall  assume  that  tha  parameters  of  the 
network  are  chosen  such  that  in  the  case,  when  the  relay  should 
operate  the  coefficient  X*  J.  fat *  any  of  its  windings  will  be  not 
less  than  unity 


r 


_L 

^  ^  1  v 


(8.36J>) 


and  in  those  periods  when  the  relay  should  not  operate,  the  coeffi-  . 

9 

cients  /  i  are  such  that  the  following  relation  holds 

A 


y>wcA-^ 

z*  *  ^/tir 


(8.36b) 


Under  these  limitations,  the  repetition  law  will  hold,  i«e.> 


a*a*+a*+a»+..., 

A™ A*  A9  A*..., 


(8.3?) 


as  well  as  the  distributive  laws 


(X+tAA+xA'  +  i/A*,  } 

m  +  A f  A*## +  A*).} 


U 


With  the  aid  of  these  relations  oils  can  introduce  into  the 
network  additional  windings,  which  in  some  cases  makes  it  possible 
to  simplify  the  network. 

Me  note  incidentally  that  the  distribute  laws,  from  the  point 
of  view  of  operation  of  the  relay  A,  do  not  impose  any  limitations 
whatever  on  the  sequence  of  the  conductances  of  the  windings  A, 

A  ,  and  A**.  If  it  is  assumed,  however,  that  all  the  windings  have 
the  as. me  order  of  conductance,  then  formulas  (8.3?)  and  (8,38) 
yield  absolutely  equivalent  transformations. 

Me  note  furthermore  that  the  formulas  for  the  distributive 
laws  will  hold  also  in  the  case  whan  x  a  net  y  will  contain  ele¬ 
ments  of  finite  conductivity,  but  the  formulas  will  not  give 


of  6‘  ? 


Equivalent  transformations  if  x  and  y  will  contain  windings  of  \ 

any  relays * 

Tho  intr odtic t>i on  of  supplementary  windings  wifn  use  ox  mtei*. 
laws  (8.38)  makes  it  possible  to  subdivide  the  contact  circuit  into 
;  several  independent  circuits,  a  fact  which  can  be  used  to  reduce  the  L 
.  number  of  contacts  when  constructing  multiple-relay  networks,  as 
will  be  shown  later. 

After  Introducing  into  the  network  at  least  one  bucking  winding, 
no  further  winding  can  be  added. 


13.  INTRODUCTION  OF  BUCKING  WINDINGS 

Experience  in  the  construction  of  relay  networks  shows  that 
in  some  cases  it  is  efficient  to  used  so— called  bucking  windings. 

In  particular,  the  use  of  such  windings  makes  it  possible  to 
improve  the  time  factors  of  a  relay,  and  also  replace  certain  con¬ 


tacts  in  a  relay  circuit  by  their  inverses. 


Ws  note  that  in  general  it  is  immaterial  which  of  the  winding 
is  the  basic  one  and.  which  is  the  bucking  one.  The  basic  winding 
always  is  bucking  with  respect  to  the  bucking  winding,  i.e„. 


,8.39) 


In  the  general  case  the  ampere  turns  produced  by  any  each 
winding  (both  basic  and  bucking)  can  have  different  values  and 
their  liter  action  may  be  sufficiently  complicated. 

We  shall  consider  only  networks  in  which  the  parameters  arc 


<A  .7  & 


SO  chosen,  .that  each  winding  can  be  in  the  following  states* 

a)  ,,Excite^.,‘,  characterised  by  the  coefficient  £  j  ^  1, 


vhiofa  1b  s&ae  for  all  ^ ladings* 


- 1 XU4  =  •  •  •  *  “  I AAfc!^ l: 


(  H  *  4*^5  ) 


.  n 

b)  B Unexcited,"  characterised  by  a  coefficient  S'  pi  suck 


that 


yAi[<Z~^ 


(8.40b) 


We  shall  confine,  our selves  hers  to  such  transformations,  which 

do  not  change  the  values  of  A  &  ~  ^  a;  far  Pcssi:b3-e  states 

^  > 

of  the  network. 

’  It  is  precisely  for  these  conditions  that  we-  shall  employ  the 
distributive  law  of  relay  networks,  formulated  by  B.  I.  Shnarevich 


/91/' 


(jr  -f  y)  A  sb  xAi  -}-  yA*  -f  J tyA*, 
xy  +  A  s  (x  +  Al}iy  +  49M*  +  y  +  4*). 

(8.41) 

Prom  this  follow,  for.  example,  the  following  equivalences* 
(Y.  4~.  J  saw  / r  JU  *' A  xzz  vii  ±  vat  At'  (8.42) 


(x  4~  #)  4  s*  (or  4-  xy)  A  se  xAl  4-  xyA9', 

4  =~=  („r  4-  *)  4  ==  xAl  4-  xA*. 


(8.43) 


In  the  particular  case  when,  xy  =  0,  i.e.,  x„  ^  y  or  y  <  x, 
formulas  (8. 41)  assume,  the  form  of  the  distributive  law  for  networks 
without  bucking  windings. 

Another  transformation,  which  makes  it  possible  to  introduce 

.  of  \ 
into  the  network  a  bucking  winding  and  retaining  the  values^  /K 


47/ 


s"by  changing  the  structural  admittance,  is  the  equivalent  trans-  “1 
formation,  recommended  by  A,  N,  Yurasov  /64,  65/  and  D.  I.  Shnarevich 


xA  «■  A'*  +  x  | 
x  -f  A  A1  (x  -f  A*),  I 


(8.44) 


We  note  that  after  introducing  into  the  network  backing 
windings  one  can  no  longer  .use  the  transformations  (8,38),  which 
follow  from  tha  law  (8.3?)  of  repetition  for  networks  without  bucking 
windings,  for  in  this  case  tha  relation  is  violated  between  the 
number  of  excited  direct  and  bucking  windings,  and  consequently 
changes. 

If  for  any  state  /tf?  of  the  .system  relation  (8.6b)  is  poss.ib.ie, 

indicating  that  relay  A.  does  not  operate  in  this  state  either  because 

of  lack  of  current  in  the  winding  or  because  the  magnetic  fields 
produced  by  the  individual  windings  £ 

j^tre  cancelled  out,  then  each  of  the  windings  A  of  this  relay  can 

be: considered  only  as  a  finite  conductance  (J*  d  of  the  same  order 

as  the  wii'iding.  Consequently,  in  particular,  it  follows  that  in 

tiie  case  when  identical  ampere  turns  are  produced  in  the  windings 
,i  .  .  ,i  . 

A  arid  &  i 


A1  -{-  A>  ssGmAit  A>  | 

A’.AJmG^ i 


(8.45) 

Using  the  equivalences  (8,25),  (8.45),  and  (8.43),  one  can 


*<74. 


r obtain  a  derivation  of  the  first  of  formulas  (8.44) 

xA  4  xA  -f  xOmA  xA  A- x  (A  -f  A)  *» 
bsx.4  -f  ,*  .4-j-  xA  a—  /t  jc/l, 

Analogously,  the  second  formula  can  be  derived* 

14.  GEKSUX.  RULES  FCR  mS3FCK>ft3?ION  OF  REM£  NETWORKS 
*  > 

As  already  mentioned,  all  transformation  of  relay  networks 

can  be  broken  up  into  equivalent,  in  which  the  structural  admittance 

not 

changes,  an  absolute  equivalent, ih  which  only  the  notion  of  the  net¬ 
work  is  retained,  but  also  the  structural  admittance.  Certain  trans¬ 
formations  .  such  as  formulas  (8.38),  for  example,  are  absolutely 
equivalent  when  ail  the  relay  windings  contained  in  them  have  the 
same  order  of  cord  notaries . 

Inasmuch  as  in  absolutely  equivalent  transformations  the 
structural  admittance  of  the  circuit  does  not  change,  consequently 
its  action  on  the  other  networks  with  which  it  may  ba 

connected  does  not  change.  One  can  therefore  conclude  that  abso¬ 
lutely  equivalent  transformations  can  be  used  without  any 
limitation  both  in  the  network  as  a  whole,  and  in  its  individual 
parts. 

Tte  situation  is  different  with  transformations  which  result 

in  a  change  in  the  structural  admittance.  These  transformations 
applied 

can  be*  without  limitation  only  to  the  network  as  a  whole. 

When  these  transformations  are  applied  to  parts  of  networks,  one 


Thus,  a  transition  is  realised  from  the  network  of  Fig.  78a  ~1 

to  the  network  of  Fig.  78b,  Analogously  one  can  obtain  other  net¬ 
works  with  bucking  windings. 


*  » 

78. 
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Chapter  9 

CONSTRUCTION  OF  MOLTIFLiS-iiELAX  HETWCEKS  ... 

I.  General  Remarks  . 

In  the.  synthesis  of  relay  networks  one  obtains  from,  the 

operating  conditions  of  the  network  the  operating.,  conditions  of, the 

individual  relays  and  actuating'  circuits  in  the  form  of  analytical 

formulas  or  assemblies  of  numbers.  In  other  words,  in  uhe  first 

stage  of  the  synthesis  one  obtains  a  group  of  networks  of  the  form 
etC ■ 

f.A.  fJB,  far  the  operation  of  the  intermediate  relays  A,  B, 

&  "  B  h 


U 


sd  ty  f 


■0 

w  xy 


for  the  actuating  relays  Y,  W,  ...»  (Fig.  79}. 

The  next  stags  is  to  construct  the  overall  network,  where  it 
is  necessary  to  attempt  to  obtain  the  simplest  possible  network, 
in  particular,  networks  with  the  smallest  number  of  contacts.  The 
reduction  in  the  number  of  contacts  in  the  network  Is  attained  by 
unifying  contact  circuits  acting  on  different  relays..  The  possibility 
of  unifying  the  circuits  of  separate  relays  is  determined  by  the 
conditions  imposed  on  the  individual  circuits. 

It  becomes  possible  most  frequently  to  unify  contact  circuits 
which  are  connecter!  to  one  of  the  terminals  of  the  battery.  One 


must  attempt  to  have  as  many  contact  circuits  as  possible  converge 


t 


r at  one  point,  for  in  this  case  the  possibilities  of  unifying  indi-  i 
visual  contacts  increase. 

In.  the  present  chapter  we  shall  consider  conditions,  under 
which  it  is  possible  to  unify  individual  networks,  and  methods  of 
reducing  the  number  of  contacts  in  a  network. 

r* 

! 

The  unification  of  individual  circuits  in  a.  common  network 
is  possible  in  two  ways. 

In  the  first  method,  which  we  shall  call  joining,  the  .indi~ 
vidual  cirouits  are  joined  together  in  parallel  or  in  series. 

Hie  second  method,  which  we  shall  cell  combining,  consists 
of  reducing  circuits  of  separate  relays' into  a  single 

structure,  .  after  which  relays  from  other  networks  are  introduced 
in  one  of  them. 

The  principal,  condition  which  determines  the  possibility  of 
joining  individual  circuits  into  a  common  n@tj.Jcrk  is  such  a  choice 
of  parameters  of  all  circuits,  under  which  the  states  of  one  of 
the  cirouits  does  not  influence  the  operation  of  the  relays  in 
other  circuits,  to 3  since  such  an  influence  is  determined  above 
all  by  the  admittances  of  the  joined  networks,  we  shall  stop  to 
discuss  the  character  of  the  structural  admittances  of  different 
relay  circuits. 

2.  CLASSIFICATION  OF  RELAX  NETWORKS  BX  THE  CHARACTER  OF 
THE  ADMOTANCE 

i.  The  structural  admittance  of  the  relay  network  is  characterised! 

***** “ 


Pas  the  admittance  of  the  individual  windings  of  the  relays  and 
resistances,  and  by  the  methods  of  unifying  the  contact  circuits 
with  the  windings  and  resistances. 

In  general  one  can  subdivide  all  circuits  into  four  groups. 

,  1)  Group  A  —  networks  with  finite  admittance,  characterized 

1  '  •  ’  •  !~ 
by  ths  fact  that  in  all  cases  their  admittance  have  a  finite  value, 

i.e.,  they  satisfy  the  inequality: 

0<V<  1;  ^9.1} 

(Here  zero  corresponds  •'to  a  closed  circuit  and  one  to  an  open 

circuit  (adadttance  equals  infinity). 

2)  Group  B  —  networks  of  normal  type,  characterized  by  the 
fact  that  the  contact  circuits  are  connected  in  series  with 
elements  of  finite  admittance.  In  such  networks  the 


admittance  can  never  be  unity,  and  satisfies  the  inequality 

0<r<i;  (0.2) 

3)  Group  C  —  networks  of  inverse  type,  where  the  contact 
circuits  are  connected  in  parallel  with  elements  of  finite  con¬ 
ductivity,  as  a  consequence  such  a  circuit  can  never  be  opened 
and  satisfies  the  inequality 

0<r<l:  .  (9.3) 

4)  Group  D  —  mixed  networks?  the  contact  circuits  are 
connected  both  in  series  and  in  oarallel  to  elements  of  finite 


conductivity  and  their  admittance  satisfies  the  inequality 

;  o<r<i. 


(9.4) 


3.  ELementar: 


A  relay  circuit  which  contains  only 


one  single -winding 


relay  A  will  be  called  an.  elementary  relay  circuit.  Fig,  -80  shows 

elementary  relay  circuits  of  all,  four*  groups. 

In  the  presence  of  several  elementary  relay  circuits  we  shall  ^ 

compare  them  in  order  of  conductance,  meaning  thereby  the  order  of 
conductance  of  the  relay  windings  confined  In  the  particular  circuit. 

It  is  obvious  that  aft  elementary  relay  circuit  of  group  A  -an 
never  change  its  conductance.  ELewa tary  relay  circuits  of  groins 
B  and  C  may  have  two  values  of  conductance*  finite,  equal  to  the 
conductance  of  the  relay  winding,  and  respectively  aero  or  one. 
Circuits  of  group  B  can  have  both  values  sere  and  one,  a--  well. 

finite  values. 

filamentary  circuits  of  classes  B  and  C  can  be  transformed 
into  each  otter  by  simple  inversion,  and  can  be  transformed  into 
•  networks  of  class  1>  and  vice  versa  by  partial  in¬ 
version.  This  does  not  violate  the  elementary  nature  and  the  . 

operating  conditions  of  the  relay « 

An  elementary  circuit  of  group  B  can  be  transformed  into 
a  network  of  group  B  or  C  by  series  or  parallel  connection  of  a 
finite  conductance  G_  as  follows  from  transformations  (8.27) 


—  (8*28) 


?  -f*  M  +  fA)^GmA  *{  ^  )  • 
<p  fA  *h  Hh  "Y 


(9.5) 

(9.6) 


<A7f 


In  turn,  elementary  cJxouits  of  group  B  and  C  can  be  transforras3 
into  group  A  by  analogous  addition  of  an  element  of  finite  conduct¬ 
ance  or  by  introducing  a  bucking'  -winding  in  accordance  with  formula 

(8.44  )i  j kAzZz.xA  +  -j-  Gxa< 

X  *1  ^  (x  A )( y  *  f"  ^  js=y»1  * 


(9.7) 

(9.8) 


xA  •)-  xA\  i 

x  4-  A  A  (x  -i-  A),  j 

An  elementary  relay  circuit  of  group  A  cannot  be  transformed 
into  any  other  group. 


4„  COIffilTIOKS  OF 

ir;;>rv*.7rp  ir 

AWi  UJi, 


DINING  RELAY  CIRCUITS  INTO  A  COMMON 


When  joining  several  relay  circuits  into  a  common  one  *t  is 
necessary  to  satisfy  the  condition  whereby  the  States*  of 
soma  circuits  do  not  affect  the  operation  cf  the  relay  in  ocnes 


circuits. 

Starting  with  the  foregoing,  wa  can  sea  that  when  several 
relay  circuits  are  connected  in  series  the  conductance  of  each  oi. 
these  should  be  less  in  order  of  conductance  than  all  the  remaining 
ones.  To  the  contrary,  in  parallel  connection  each  conductance 
should  not  be  of  greater  order. 

It  is  obvious  that  the  joining  of  several  circuits,  satisfying 


this  condition,  is  possible  only  within  the  groups  A,  B,  and  C  for 


identical  orders  of  relay  conductances  in  each  circuit,  wherein: 

l)  The  circuits  of  group  A  can  be  joined  both  in  parallel  and _ j 


r in  series,  as  can  be  done  witn  elements  of  x mite  conductance  of 
the  game  order,  and  also  connected  to  circuits  of  group  B 
in  parallel  or  tc  circuits  of  group  C  in  series.-  • 

2)  Circuits  of  group  B  can  be  joined  only  in  parallel  with 
.each  other  and  with  circuits  of  group  A. 

3)  Circuits  of  group  C  can  be  joined  only  ia. series  with  each 

other  or  with  circuits  of  group  k: 

4)  Circuits  of  group  D  cannot  be  joined  sitter  in  .series  or 
in  parallel  with,  any  other  circuits. 

We  see  that  the  most  ’’flexible®’  from  the  point  of  view  of 
joining  with  otter  circuits  are  circuits  of  group  A.  Circuits  of 

,J  - 

groups  B  and  C  arc  equivalent,  while  circuits  of  group  B  are  the 
most  unsuitable . 

Elementary  relay  circuits  of  different  orders  of  conductance 
cannot  be  interconnected  into  a  common  network. 

The  most  practical  significance  is  a  parallel  connection  of 
normal  elementary  relay  circuits  (group  B).  Hers  one  should  tend 
towards  unifying  contacts  which  enter  in  circuits  of  different 
relays.  For  this  purpose  formulas  of  individual  circuits 

are  reduced  to  such  a  form  so  as  to  be  able  to  take  outside  the 
brackets  the  largest  number  of  elements.  As  a  result  of  such 
transformations  one  obtains  again  a  circuit  of  normal  type.  It 
is  possible  to  construct  circuits  by  graphical  methods,  if  the 
conditions  of  operation  of  individual  relays  are  specified  by 


^assemblies  of  numbers* 

One  join  analogously  inverse  networks  (group  C). 

5,  Breakdown  of  Blerne  utorjf  Relay  Car  cults 
,  in  goas  cases  it  is  advantageous  to  breakdown  the  elementary 

relay  circuit,  before  joining  it  to  other  circuits,  into  several 
smaller  relay  circuits,  by  Introducing  additional  windings.  Such  a 
breakdown  can  be  obtained  by  introducing  a  coordinated  winding  in 
accordance  with  formulas  (8,38)  and  (8.42)  or  bucking  windings  in 
accordance  with  formulas  (8.41)  and  (8.44) «  After  breakdown,  each 
elementary  circuit  can  be  considered  independently ,  bearing  in  mind 
only  that  whan  a  bucking  winding  is  introduced  in  any  particular 
relay,  further  introduction  of  coordinated  windings  in  accord anco 
with  formula  (8.38)  is  impossible. 

The  breakdown  is  best  carried  out  in  such  a  way  that  in 
individual  circuits  the  contact  part  of  the  network  will  be  if 
•  possible  the  same  structure , or  else  that  they  have  the  maximum 

number  of  identical  contacts,  which  could  be  brought  out  into  a 
unified  circuit. 

Let  us  consider,  for’  example,  the  transformations  of  a  net¬ 
work  of  a  binary  pulse  divider, the  circuits  for  whose  relays  A  and 

B  are  specified  by  the  formulas 

f  A  =  »’<6  -f-  no: 

ft,  =  fi6  +  un. 


«<  A3 


•Introducing  c opined  bindings,  the  circuit  can  be 

c-enresented  in  tho  iorni  of  four  eXerne.nt^.ry  circuits  uf  group  Bs 
•bA1,  iaA2,  foB1,  andlaB2.  Alter  such  a  breakdown,  it  is  advantage¬ 
ous  to  unify  windings  Ax  and  S'"  into  common  networks,  as  veil 
as  A2  and  B*“,  after  which  the  structural  formula  of  the  network 
becomes 


F  *  u(  6A'  -f  6Bl)  4*  SaA*&t 


a here  the  winding  should  be  of  the  same  order  of  conductance. 

Tills  circuit  can  be  transformed  further  by  introducing  bucking 
windings,  to  such  a  form  as  to  have,  for  example,  one  make  contact 


ici 


on  relay  I,  Using  transformation  (8.44) ,  we  replace  the  eontai 

^  <*&■“*  ”~1* 

\  by  4,  i.-o.,  wa  write  ^•aA'TB2  5=.  iaA3B3  4  aA2B2,  and  consequently 


we  obtain  the  circuit 


F  —  u  (6 A1  -f  6Bl  4-  aA*l?j  -f-  &A*S*, 


represented  in  Fig.  26a.  In  this  circuit  all  the  windings  are  of 
the  same  order  of  conductance,  and  the  windings  A'-  ~~  and 
B2  —  B*5  should  produce  the  same  number  of  ampere  turns. 


6.  COMBINING  RSUI  CIRCUITS 

The  joining  of  elementary  relay  circuits,  as  indicated  above, 
leads  either  to  a  normal  network  or  to  an  inverse  one.  The 
probabilities  are  much  greater  if  one  goes  to  mixed  networks 
with  parametric  action  on  individual  relays. 

In  joining-  relay  circuits,  it  is  possible  to  bring  out  any 


“I 


.X. 

r, contact  (or  contact  circuit)  into  a  common  circuit  provided  this 
contact'  (circuit)  is  in  series  with  the  circuit  of  the  relays  that 
are  joined  together..  It  is  impossible'  to  use  one  and  the  earn® 
contact,  far  example,  to  act  on  two  relays  if  tte  operating  formula 
of  one  relay  Contains  a  make  contact  and  the  i armnia  of  the  othv.i  j, 

'  contains  a  break  contact,  with' a  simple  joining,  of  the  relay  cir¬ 
cuits.  In  the  mixed  circuit,  however,  if  this  contact  is  connected 
in  parallel  to  one  relay  end  in  series  to  another,  its  actions  on 
these  relays  will  be  opposite. 

To  construct  mixed  relay  networks  we  use  the  equivalent  trans¬ 
formations-  indicated  in  Chaster  8,  together  with  the  possibility  01 
introducing  into  relay  circuits  elements  of  finite  conductivity. 

The  circuit  of  each  reify  (or  each  of  the  relay  windings/  will  be 
transformed  in  such  a  way  as  to  reduce  them  to  a  unified  structure, 
i.e,,  to  circuits  with  identically  located  like  contacts  and  elements 
of  finite  conductivity,  These  circuits  of  unified  structure  can  then 
be  combined,  i.e,,  individual  elements  of  finite  conductivity  can 
be  replaced  by  corresponding  relay  windings  from.  different  circuits 
with  observation  of  the  necessary  orders  of  conductivity  of  these 


windings. 

■By  way  of  an  example  1st  us  consider  the  transformation  of 
a  network,  the  synthesis  of  which  is  carried  out  in  reference 
73,  pp  534  —  535,  in  which  the  functions  of  the  operation  of  the 
relays  Xy,  Xg,  and  X3  are  given  by  the  formulas 


oifjr 


fx ,  a«  +  *1*2*3,  _ 

ft,  *  «1  4'  *2  (*i  +  a-5); 
fx,  —  0*2  +  *1% 

(9.9) 

Ke  consider  first  networks  which  contain  the  contacts  of 
relay  A.  For  this  purpose  via  provide  -  each  relay  with  two 
windings  and  transform  the  expression  to  a  unified  structure: 

fj -r  «X{ 4  (e  -f  mG<  ** ) X\  *  (a  -f  •6< x;  MX*  +  mQ< x* ); 

**  ®*  fi  *f*  ijXj *=?  (<i  4"  XjX^  G>  x*; 

**  ®%^|  “  "I*  <  x*  ^  (0  -$*  jf*  )(*gX|  -J-  0^.  ). 

(  i'a*  denotes  any  contact  circuit). 

Comparing'  the  three  resultant  expressions  we  can  note  that 

the  first  factor  of  each  has  a  structure  a  +  xjjX  p  <^3x?  *  ’w^-^e 

the  second  is  an  element  of  finite  coni  activity  of  farm  (-%  s  .  < 

4*  y:0li  <  / f  .  From  this  we  conclude  first  that  Xx  afld 
A  ~ 

should  be  of  the  same  order,  From  a  comparison  with  the  first 

factor  it  follows  that  the  order  of  the  conductance  of  should 

1  1 

be  less  than  the  order  of  the  conductances  of  In  and  X3  . 
Consequently,  we  obtain  finally  a  structural  formula 

P  «C«  +  X|X*<JS;  ,x’MXl  +  **X3>-  ... 

a 

Vs  note  that  this  network  has  the  character  of  a  normal 

relay  network.  In  the  calculation  of  the  relay  windings  it  is 

1 

necessary  to  take  into  account  that  the  winding  of  relay  Xp 
should  have  such  a  resistance,  that  when  it  is  connected  in  series 


r 


vith  relay  Jt  or  X3  it  does  art  bold  5.  relay  X2  should  operate  when 

'} 

connected  in- aeries  with  the  vind.u“?.g  ot  relay  X]  4 

Wq  now  transform  the  second  parts  of  tbs  formula,  containing 


the  contacts  of  the  relays  XyX2  and  13s 

f f  sa  Jfi-VjJfaX f  4=  *s£«  (Fj  -f~  Xf)  ==  (%  4  x\ K*s  4  G<  xf X*J  + 

F\  ssk  jr,  (jr,  -f-  *»)  X§«H*i  4*  -taX  ^2  4-  {%*  4  •*»<?»  xi  K**  4  *1  *!“•)* 

/•|  —  *,*3X3  ~ *.-t  4  xtXi  -  (Xa  4  x»X§K^*>x|  +  *>)• 


Pros  a  comparison  of  the  individual  parts 

expressions  vie  can  write  for  the  first  par^ 

jc»4  XiXj<x**.x| 


of  the  resultant 


and  for  the  last  parts 

l(x,  4-  X|<  xf  X*i  4  Al>  xf )]>*!  . 

2 

Comparing  the  orders  of  the  conductances,  ve  sea  that  X2  a™ 
X32  are  of  the  same  order,  while  X;i2  is  of  a  larger  order,  l.e., 
finally 

/"  5=  {.t;i  *|X|)(*j  4;  Xs)(jfi  4  X  i  >  xf  *3)"  , 

In  order  to  be  able  to  join  the  networks  ffr  in  parallel, 

the  latter  should  be  reduced  to  one  of  group  d  by  connecting  in 

series  a  conductance  E,  the  order  of  which  should  be  such  that* 

2  . 

The  operation  of  the  relay  of  network  F  must  not  be  dis~ 
tixrbed,  for  which  purposs  it  should  be  greater  than  or  equal  to 
the  relay  with  the  highest  order  of  conductance  in  tills  network, 

i-e*>  : 

The  operation  of  the  network  1  must  not  be  disturbed,  for 


7 


[which,  pur  boss  it  should  be  equal  to  or  less  than  the"  Conductance  ] 

1 

of  the  relay  of  network  f'  having  the  lowest  order,  i.e.,  . 


The  final  network  will  be  as  shown  In  Fig.  82ft. 

,  To  satisfy  the  conditions  that  follows  from  the  foregoing 

i 

•relations  for  the  orders  of  the  conductance,  the  windings  of 

the  relay  must  be  so  designed,  that  relay  Xt,  does  not  hold  when  the 
9  .  ^ 

windings  of  Xg' •  or  1-j^  are  connected  in  series,  and  the  relays  7^3- 
operate  when  all  three  windings  together  with  the  limiting  resistance 

if 

R  are  connected  in  series* 


A  shortcoming  of  this  network  is  the  fact  that  in  quiet  state 

n 

the  circuit  is  continuously  closed.  In  order  to  eliminate  this  we 


take  the  inverse  network  of  F 


«*=x3(jr|  4*  <¥3)  -f*  x$Xz -f 
+  jqXT<s*  a'* 


Here,  too,  we  must  use  a  limiting  resistance  R,  and  the.. winding 

of  the  relay  should,  sh  be  so  designed  that  the  relay  Xq  does  not 

2  2 

hold  when  connected  in  parallel  with  winding  Xq  ,  winding  Xg  , 

p 

or  winding  Xq  ,  while  the  relays  1%  and  X3  should  operate  when  all 
three  wildings  are  connected  in  parallel. 

The  new  network  is  shown  in  Fig.  82b. .The  resultant  networks 
have  two  or  three  contacts  (four  or  five  springs)  less  than  net- 
works  assembled  by  usual  synthesis  methods  /7 3,  Fig.  15/. 

By  way  of  another  example  1st  us  consider  the  synthesis  of 

i 


fa  well  known  two-relay  network  ofW  binary  divider  for  ik  a  number 
of  pulses,  the  structural  formula  of  which  has  the  form 

F  4s  u6Al  -f-  f i6fc3  +■ 


+  7mA*E*. 


(9,10) 


In  analogy  with  the  precoding,  we  transform  the  individual 


terms  of  this  expression  '  „ 

F,  =  u6Al  (fi  +  4l)  ; 
‘iru(&G>Ai  ~f 
=-.(» -f  -f 

F2  -  u6£'~~ru  (6B1  -f-  6Va- )  4  (u  +  «G</»*  )«5F’  +  G**. ); 

F3  «=  naAtB‘i  -4=u  -f  a/l2F5  ==-(«  4- 


j~ 


Comparing  the  individual  expressions  we  can  .conclude  that 

the  general  structural  formula  can  be  written  in  the  form 

F  «  \u  +  a  (A*P)<ai  ]{6B'>ai  +  A% 

The  corresponding  network  is  shown  in  Fig.  83a.  Inverting 
this  form,  we  obtain  a  new  network  (Fig.  83b): 

f  zz'uja-r  (A*£?)>a>  1  +  0  +  B^a^AK 

In  the  first  network  the  first  windings  of  relays  A  and  8 
and  the  limiting  resistance  should  be  30  designed  that  when 
winding  is  connected  in  parallel  to  winding  relay $  releases, 
and  relay  B  operates.  The  second  winding  A 2  and  B2  should  be  so 
designed  that  both  relays  operate  when  these  windings  are 
connected  in  series  with  winding  A^*  and  the  limiting  resistance. 

In  the  second  network  (Fig.  83b),  the  winding  BJ‘  should  be  so  de~ 

1 

signed  that  when  connected  in  series  with,  the  winding  A  relay 

! 


<*J?0 


A  releases  and  B  operates. 

We  note  that  these  networks  have  one  contact  only  on  each 
relay,  and  consequently,  it  is  impossible  to  obtain  a  network  with 
fewer  contacts. 

The  solutions  given  here  are  not  unique,  since  one  can  obtain 
a  lar^  number  of  analogous  networks  of  different  structures. 


Chapter  10 


SEQUENTIAL  RELAY  NESVCRKS  WITH  CAPACITORS 
1,  The  Capacitor  —  An  Active  Els  seat  of  Relay .  Networks 
In  relay  networks  capacitors  are  widely  used  principally  to 
produce  delayed  operation  and  release  of  relays,  sometimes  to 
accelerate  the  operation,  and  for  suppression  of  sparks.  The  ability 
‘  of  a  capacitor  to  accumulate  and  store  charge  and  to  produce 
short~d.uration  current  pulses  during  the  time  of  charging  or  dis¬ 
charging  are  used  considerably  leas  frequently. 

These  properties  make  it  possible  to  use  the  capacitor  as 
a  memory  element  in  a  relay  sequential  network,  whi.ch  f.iay  operate 
on  the  relay  /50 /.  In  the  general  case  the  capacitor  can  have 
different  charges,  but  from  the  point  of  view  of  operation  of  a 
relay  network,  we  are  interested  in  only  two  states  of  tbs  capa¬ 
citor  —  discharge  and  charge  with  a  voltage  capable  of  acting  on 
the  relay. 

Inasmuch  as  the  processes  of  charging  and  discharging 
of  capacitors  in  different  circuits  have-  bean  studied 

quite  well,  we  shall  stop  here  only  to  discuss  problems  of 
synthesis  of  networks  with  capacitors  acting  on  relays. 


t 


FiP.  84  shows  the  simplest  way  of  acting  on  intermediate  relay  ~j 

i  w 

X  contact  i  of  the  receiving  element.  Relay  X  operates  only  after 
the  receiving  element  operates  and  then  releases.  If  the  relay  has 
a  device  for  holding  (polarised,  relay  or  a- relay  with  self¬ 
holding,  and  also,  a  holding  winding  /dotted  in  Fig.  84/,  it  will 

r* 

t 

remain  in  operating  condition. 

The  relay  can  be  switched  off  either  by  breaking  the  holding 
circuit,  or  by  transmitting  a  current  pulse  from  a  capacitor  in 
a  bucking  winding,  as  shown  in' Fig.  85,  where  the  circuits  r  and  h 
correspond  to  states  of  the  network  in  wMch  the  relay  X  should 
operate  (r )  or  release  (h),  .  One  must  connect  in  a  circuit 

of  the  bucking  winding  a  make  contact  of  this  relay,  .so  that  after  . 
this  relay  releases  the  relay  does  not  operate  again  because  of 
current  ad?  in  the  'bucking  winding* 

Thus,  to  operate  a  relay  without  holding  it  is  necessary  to 
have  three  windings  —  working,  holding,  and  bucking,  vie  •  note  that 
the  relay  can  be  held  with  the  working  ’binding,  if  the 
supply  is  connected  to  It. .through  &  resistance  ft  by  means  of  a 
transfer  contact  on  the  same  relay.  In  this  case  the  parameters 
of  the  circuit  should  be  so  chosen  that  the  capacitor  does  not 


have  time  to  become  charged  dur.ing  the  instant  of  transfer  of  the 
contact,  when  the  extreme  springs  ore  interconnected.  It  is 
possible  to  eliminate  this  effect  by  introducing  a  rectifier 
element  B  in  the  charging  circuit  of- the  capacitor  (see  Fig.  8p). 


sryTt  r* s* *  s  $*** $ 


r-  *  — [ 

*  Since  the  dilation  of  the  pulse  is  limited,  one  must  choose  1 
such  a  dilation,  that  one  relay  lias  a  chance  to  operate  or  release, 
and  the  other,  connected  in  parallel  to  the  contact  of  the  operating 
(releasing)  relay  does  not  operate  *  tinder  this  condition  one  can 

*  use  one  capacitor  to  control  several  relays*  j. 

PVom  an  examination  of  the  networks  we  see  that  corresponding 
to  charged  and  uncharged  states  of  the  capacitor  (in  anexogy  to  unc 
operating  a nd  non~operating  states  of  the  relay)  sro  individual 
periods  of  operation  of  the  networks  As  regards  its  action  on  other 
elements  of  the  network,  the  capacitor  differs  from  the  relay.  After 
the  relay  operates,  it  switches  circuits  (one  or  several.)  and.  alter 
causing  a  certain  action  in  other  elements  of  the  circuit,  it  can 
in  itself  not  change  its  own  state.  On  the  other  hand  the  action 
of  the  capacitor  can  take  place  only  during  instants  of  charging  or 
discharging,  i.e.,  the  action  is  accompanied  by  a  change  in 

the  state  of  the  capacitor* 

Thus,  the  capacitor  can  bo  used  only  in  those  oases  when  it  is 
enough  to  have  a  short-duration  action,  as  for  example  to  actuate 
an  intermediate  relay.  The  possibility  of  having  a  capacitor  act 
on  actuating  circuits  is  very  limited  and  requires  investigation  in 
each  particular  case.  • 

As  will  be  shown  below,  the  use  of  capacitors  in 
sequential  networks  makes  it  possible  to  reduce  the  number  of 

m  ■  '  ■  .T  * 

relays,  which  in  some  cases  leads  to  an  increase  in  the  number  of 


("contacts  and  windings  in  the  remaining  relays.  Somatimss  the  use  of  ~1 
capaoitdrs  makes  it  possible  to  solve  problems  of  interaction  between 
the  intermediate  relays,  by  realising  charges  and  discharges  in  a  . 
corresponding  sequence,  and  also  by  transferring  the  charge  from  one 
f  capacitor  to  another. 

t 

In  some  cases  an  effective  solution  can  be  obtained  by  com¬ 
bining  the  action  of  both  the  capacitor  and  purely  contact  networks 
on  a  given  relay.  Thus,  for  example,  one  can  let  the  relay  operate 
by  a  capacitor  and  release  by  breaking  the  holding  circuit. 

Tiie  synthesis  of  relay  networks  with  capacitors  can  be  carried 
out  using  methods.  used  for  the  synthesis  of  relay  circuits, 

ft 

and  the  purely  contact-making  multipole  can  be  separated  in  the 
network  with,  capacitors.. 

2. _ Synthesis  of  Sequential  Networks  with  Capacitor  Acting 

.on  All  the  Relays. 

For  the  synthesis  of  networks  with  capacitors,  ws  can  use 
methods  used  in  the  theory  of  contact  networks  for  the  synthesis 
of  purely  relay  networks. 

Let.  us  first  consider  the  synthesis  of  a  network  with  a 
single  capacitor  acting  on  n  relays  of  the  network.  Such  a 
network  can  be  constructed  in  such  a  way. that  the  capacitor  is 
first  charged  and  then  discharged  through  the  winding  of  the  relay 
through  a  corresponding  contact  circuit.  In  addition,  it  is 


t 

■-~4 


rnecessary  to  provide  a  circuit  for  holding  the  relay.  Applying  the  1 
synthesis  procedure  of  Chapter  i  "to  networks  with  capacitors, 
we  shall  use  connection  tables  to  determine  the  necessary  number  of 
intermediate  elements  and  the  instants  during  which  their  states 

,  must  change,  j 

If  it  is  considered  that  a  capacitor  can  have  two  states  — 
uncharged  and  charged  -*•“  then  it  can  be  used  as  one  of  the  circuit 
elements.  In  this  case  the  connection  table  must  bo  constructed  in. 
such  a  way,  that  during  the  period  of  network  operation,  which 

differ  only  in  the  fact  that  the  capacitor  is  charged  and  dis¬ 
charged,  who  state  of  In©  actuating  relays  be 

the  same.  . 

We  introduce  into  the  connection  table  a  separate  row,  in 
which  an  arrow  (—■*■)  will  denote  the  instant  of  capacitor  charging 
and  a  cross  {  %  )  the  steps  during  which  the  capacitor  retains 
its  charged,  state.  The  charge  of  the  capacitor  will  take  place 
during  the  steps  when  the  relays,  on  which  the  capacitor  acts, 
operate  or  release.  Thus,  the  connection  tables  will  note  in 

addition  the  steps  of  capacitor  charging.  The  steps  will 
be  numbered  as  in  tables  without  capacitors,  designating 

with  a  cross  the  numbers  of  those  steps,  in  which  the  capacitor 
is  charged.  The  difference  between  all  numbers  (including  the 
cross}  indicates  the  possibility  of  realization  of  such  a  network. 

In  accordance  with  the  foregoing,  the  table  of  connections 


•for  a  counting  network  for  four  pulses,  in  which  the  actuating  cir¬ 
cuits  are  closed  only  after  the  release  of  tbs  receiving  pulse  relay 
1,  ■will  have  the  fora  shewn  in  Pig.  8b. 

If ter  tho  table  of  connections  is  made  up,  we  proceed  to 


synthesise  the  network. 

,  J  ■■  charging 

Since  in  the  process  of  operation  of  the  netwonc  toe  circuit. 

f  of  the  capacitor  should  be  closed  during  t-us  charging 

and  the  corresponding  re, lay  operation  and  release  steps  should  cause 

the  closing  of  the  capacitor  charging  circuit  to  the  working  or 

bucking  windings  of  the  relays,  a  sequential  n-relay  network  with 

capacitor  can  be  represented  in  the  fora  of  a  contact  muLtipole 

(Fig.  87}  with  one  input  sod  ts m  2n  +  1  outputs.  Connected  eo  the 

input  of  the  multiple  is  a  capacitor*,  and  to  one  output  is  connee  oed 

one  terminal  of  the  battery  t hr ough a; limiting  resistance  R,  while 

the  working  and  bucking  windings  of  the  relays  are  connected  vo 

the  remaining  outputs  (the  holding  circuits  are  not  shown  in  the 

diagram,  but  if  the  relays  are  unpolarised  they  should  do  provided 

with  such  circuits),.  The  output  to  which  the  battery  terminal  is 

connected  should  be  isolating  as  regards  to  all  remaining  outputs. 

Tiros  the  connection  table  we  find  the  following. 

The  formula  for  the  capacitor  charging  circuit  f *  as  the 

charging  5 

am  of  the  constituent©  corresponding  to  the ^steps  (des¬ 

ignated  by  an  arrow  in  tbs  row  ^  ) , 

The  formula  f * ...  of  the  working  winding  of  relay  X  as  the  sum 
JL 


ctss* 


the  constituents 


t 

corresponding  to  the  steps  of  operation  of  this  1 


relay  (marked  viith  an  arrow  is  the  table). 

The  formula  f“..  of  the  bucking  winding  of  the  same  relay  X 

as  the  sob  of  the  constituents  corresponding  to  the  release  steps 

<3  ,  ■ 

1  (marked  with  the  sy tab oi  "~4  )«  In  this  case  toe  conditional  terms 
in  formulas  f^  ,  f»x  and  f!!x  can  be  taken  to  be  the  constituents 
corresponding  to  the  unused  states,  and  in  formulas  f’j  and  f,fy 
also  the  constituents  of  those  states  of  the  network,  in  which 


r 


the  capacitor  acting  on  the  given  circuit  is  not  charged. 

If  we  denote  by  &  the  terminal  of  the  battery  '  with 

which  the  capacitor  is  charged  (with  resistor  R),  then  the  structural 
formula  of  the  multipole  network  (without  tbs  holding  circuits)  can 


be  written  in  general  form 

^  /|£  -f  £  (fxfXt  +  txiXi).  (10.1) 

i»a 

We  note  furthermore  that  in  the  synthesis  of  a  relay  network 
with  capacitors  it  is  essential,  that  the  capacitor  return  to  its 
initial  state  after  the  completion  of  the , operation.  This  may  require 
additional  devices  for  charging  the  capacitor  at  the  end  of  opera¬ 
tion  of  tiie  network,  if  it  remained  in  charge  state. 


By  way  of  example  1st  us  consider  a  construction  of  a 
simplest  counting  network  with  two  counting  relays  (A  and  B)  and 
a  capacitor,  operating  in  accordance  -with  the  connection  table 
indicated  in  Fig.  86. 

Starting  with  this  table,  we  obtain 

j 


<30  0 


•  /t  **  m&  -f  mS  4-  4-  uu5  *»  u; 

I’a  *» 

t  A™*  ttoS\ 

f  B  ®* 

f  «  ~  ua6. 

Consequently 

f  ~  »£  -f*  ua6A  4-  -f-  «a(?E  4*  ua6E  ~ 

-  h£  -f  « [a  (6.4  +  tfS)  -f  a  (6JS  4-  <&)!• 

The  o on.’ -s spend ing  network  with  the  holding  circuits  added  3.s  shown 

in  Fig.  88.  • 


3,  Network  with  Decoupling  Capacitors.. 

In  the  networks  shown  above,  one  capacitor  acted  on  several, 
relays,  and  this  called  for  a  suitable  calculation  of  the  duration 
of  the  pulse  and  introduction  of  separate  contacts  for  each  relay 


C3.ro  art. 


The  network  can  be. made  to  operate  more  stably  whan 

different  capacitors,  charged  during  different  times  act  on  the 
different  relays  or  windings*  Thus,  Fig,  89  shows  a  connection 
table  for  a  network  with  two  relays,  operated  by  two  separate 
capacitors. 

In  this  case  the  capacitor  charging  circuits  will  bs : 


fu  ™  (l.?)  **  un6  -f  uaC  s=>  h  (&6  4*  a6)i 
ftu  “*  {3,5}  « ua6  4-  ug6  «=  u  {a§  -f* 


3#/ 


In  tha  synthesis  of  circuits ‘for  relay  A  us  can*  take  as  the  1 
conditional  terms  the  constituents  corresponding  to  all  steps,  in 
which  capacitor  Cx,  acting  on  this  relay,  is  not  charged,  l.*,. 

With  numbers  2,  3,  A,  and  5. 

Taking  this  account  we  obtain  for  relay  A  ,  . 

. ;  ■ ;  -  ‘ 

/*«=  K  (%  3, 4,  Sj) -« |  +  *-<£+£1.;.  i  ■ 

Analogously  we  obtain  for  the  circuits  ofj relay  B 
f&  ~  |2.  (0,  i,6>?)}=»4+  ; 

'  For  the  ^circuits  of  relays  A  and  B  we  can  talcs  any  one  of  the 
solutions,,  but  ^  iLst  advantageous  not  to  connect  in  the  circuit 
of  the  working  winding. a  contact  of  the  given  relay  (this  will 
result  in  total  discharge  of  the  capacitor) ,  but  to  place  in  the 
circuit  of  the  bucking  winding  a  break  contact  of  this  re-lay. 

Accordingly  *  wobtaia  the  network  of  Jig*  9w 

it  is  also  possible  to  employ  a  separate  capacitor  for  each 
winding  of  relays  A  and  B,  as  thorn  itt  the  connection  tables  on 


Fig.  91. 

Since  the  capacitor  %  is  not  charged  in  a 21  the  states  of 
the  network,  with  the  exception'  of  aero  and  one,  consequently 
all  the  remaining  constituents  can  be  taken  as  conditional  terms 
for  the  circuit  f  etc.  The  corresponding  network  is  shown  in 
Fig.  92a.  By  unifying  the  contact  (for  which  it  is  convenient 


to  introduce  rectifier  elements  ftof ,  we  obtain  the  circuit  of  iig.  ] 
92b. 

la  some  cases  networks  with  capacitors  can  be  simplified  by 
separating  the  intermediate  elements  into  individual  groups  in  such 
a  way,  that  the  operation  of  the  first  group  depends  on  the  receiving 
elements,  the  operation  of  the  seoond  -group  depends  on  the  first, 
etc.  in  analogy  as  it  is  advantageous  to  do  in  relay  networks. 


4.  miyiowa,  capabilitxss  of  mamm  with  capacitcrs 

The  use  of  capacitors  in  sequential  networks  makes 

it  possible  to  solve  also  -several  other  problems  without  intro¬ 
ducing  additional  relays.  Thus,  if  a  charged  capacitor  is  discharged, 
before  it  is  connected  to  the  relay  winding,  this  relay  will  not 
operate.  Consequently,  in  the  network  of  Fig.  93  the  relay  X  will 
operate  when  the  circuit  fy  is  close,  provided  the  circuit  f ^ 
is  closed  earlier  and.  the  circuit  f  ^  is  not  closed  after  this. 

A  limiting  resistance  R  should  be  connected  in  this  circuit. 

In  the  general,  case,  a  relay  network  with  such  a  circuit 
can  be  represented  in  the  form  of  a  niultipcle  (Fig,  94),  analogous 
to  the  multipole  of  Fig,  87  with  one  input  and  &  2n  +  2  outputs. 

In  addition  to  producing  a  pulse  for  relay  operation  through 
discharge,  one  can  use  the  process  of  charging  the  capacitor 
(Fig.  95).  For  normal  operation  it  is  necessary  in  this  case  to 
insure  prior  discharge  of  the  capacitor  through  a  resistance  R, 


The  contact  multipeds  ,1b  represented  in  this  case  in  .Pig.  9o.  I 
We  see  that  it  differs  from  the  mullipole  of  Fig.  94  only  in  that 
the  battery  terminals  arc  connected,'  and  the  synthesis  of  the 
network  is  analogous. 


In  some  cases  one  can  vise  both  processes.  Thus,  for  example, 

>  r 

l 

Fig.  97  shows  a  network  in  which  the  relay  X  operates  everytime 
that  the  state  of  the  contact  u  changes  (once  because  of  charging 
of  the  capacitor,  and  the  second  time  because  of  the  discharge). 

Finally,  circuits  with  capacitors  have  additional  capabilities 
realised  through  the  transfer  of  the  charge  from  one  capacitor  to 
another .  For  example,  in  the  network  of  Fig.  9? a  the  relay  X  is 
fed  when  the  circuits  11,  f2,  and  £3  are  connected  in  sequence,  and 
simultaneous  and  repeating  closures  of  the  circuits  are  permissible. 

In  the  circuit 'of  Fig.  93b  a  disturbance  to  the  sequence  in  closing 
of  tfce  circuit  makes  it  impossible  for  relay  X  to  operate. 

Thus,  far  example,  the  circuit  of  Fig.  99  permits  action  on 
the  relay  X  only  if  the  relays  A,  B,  and  C  operate  and  release  in 
sequence.  Any  other  sequence  of  the  operation  of  these  relays 
will  not  affect  the  relay  X.  If  this  problem  is  to  be  solved  by- 
means  of  relays  alone,  three  intermediate  relays  must  be  used. 


Chapter  11 


M£C HAN I2AT ION  OF  TIE  PROCESS  OF  STRUCTURAL 
SYNTHESIS  OF  RELAY  NETWORKS 

1.  GENERAL  INFORMATION  ON  THE  AUTOMAT IEAT ION 


OF  THE  SYNTHESIS  PROCESS 


The  process  of  synthesis  of  relay  networks  is  I 

quite  t ime -consuming .  The  process  is  particularly  j 

complicated  because  the  same  conditions  correspond  to 
a  large  number  (theoretically  infinite)  of  different 
systems,  differing  in  the  number  of  relays,  their 


j  sequence  of  operation,  methods  of  constructing  Individ- 

i 

j  ual  circuits,  and  other  factors.  The  construction  of 

s 

|  versions  of  the  network  and  the  choice  of  the  optimum 

& 

I  call  for  a  large  amount  of  cumbersome  work.  The.  desire 
I 

|  to  make  the  designer’s  work  easy  in  the  choice  of 

s. 

j  network  versions  has  led  to  a  search  for  the  possibility 
of  automatization  of  the  process  of  structural  synthesis. 
Attempts  at  mechanizing  algebraic  methods  of 


network  synthesis  were  unsuccessful ,  because  of  the 
lack  of  a  sufficiently  good  single -valued  algorithm 
for  obtaining  the  structure  of  the  network.  { 

combination  .  ,  .  .  J 

A  method  developed  at  the  Institute  of  Matnematieal 

K  { 

Machines  of  the  Czechoslovak  Academy  of  Sciences 
has  resulted  in  a  semi-automatic  machine  /?8/  for  the 
construction  of  contact  (1  ,k) -poles  specified  in  terras 
of  structural  admittances .  This  machine  analyzes  tne 
specification  inserted  in  ifc  and  indicates  which  contact 
must  be  placed  in  the  network  between  the  chosen  term¬ 
inals.  The  network  is  assembled  manually,  and  the 
machine  determines  whether  the  contact  has  been  added 
to  the  network  correctly.  As  a  result,  a  network 
version  is  obtained  which  experience  has  shown  to  be 
close  to  optimum  as  regards  the  number  of  contacts. 

The  graphic  method  (Chapter  7)  developed 

in  the  Laboratory  on  Scientific  Problems  of  Wire 

j 

Communication,  Academy  of  Sciences  U.S.S.R. ,  has  made 
it  possible  to  develop  a  machine  (suggested  by  V.  N. 
Roginskiy,  V.  G.  tazarev,  and  A.  A.  AAVhaagel ' skaya  /132/ 


which  automatizes  the  construction  of  several  versions 

j  of  contact  (l,k) -poles  from  assembles  of  obligatory 

■ 

and  conditional  numbers,  and  also  the  choice  of  the 
|  most  suitable  version  for  a  specified  minimum  contact 
or  the  distribution  of  contacts  over  the  relays.  The 
1  machine  simulates  the  basic  operations  of  the  graphic 


l  methods,  and  the  synthesized  network  is  obtained  on  a 


dummy  panel 


Next,  on  the  basis  of  the  work  by 


V,  G. 


Lazarev  /92/  on  the  determination  of  the  minimum  number 
of  intermediate  relays  necessary  to  realise  a  specified 
sequence  of  actions  (see  Chapter  3,  Section  4),  it 
became  possible  to  automatize  also  the  process  of 
constructing  the  connection  table  / 112/ . 

In  the  present  chapter  we  give  brief  information 
on  the  principles  of  constructing  the  principal  units 
of  this  machine. 


2.'  SIMULATION  OF  THE  OPERATION  OF  THE 
GRAPHIC  METHOD 

In  the  graphic  method  (Chapter  7)  for  the. 


'S/O 


construction  of  contact  networks,  the  following  I 

operations  are  performed :  j 

1)  Conditions  are  specified  for  each  circuit 

in  the  form  of  assemblies  of  obligatory  and  conditional 

numbers.  * 

2)  Individual  assemblies  are  compared  with  each 
other  and  those  coinciding  are  detected. 

3)  The  coinciding  assemblies  are  unified  and  the 
common  point  is  assigned  trie  unified  assembly. 

4)  The  assemblies  are  separated  by  connecting 
to  the  point  a  relay  transfer  contact. 

5)  The  necessary  junctions  and  contacts  are 
drawn  and  erased. 

It  is  possible  to  indicate  here  the  operating 
sequence  in  each  stage.  These  properties  of  the  graphic 
method  have  made  it  possible  to  develop  a  machine  for 
the  synthesis  of  contact  (l,k) -poles.  To  produce  a 
machine  it  is  necessary  to  provide  an  electric  model 
for  each  operation.  Let  us  analyze  the  possibilities 
of  simulation. 


f 


1,  Specification  of  Assemblies  j 

\ 

The  conditions  for  each  circuit  are  spec tried  in  j 

L 

the  form  of  assemblies’  of  obligatory  and  conditional 


numbers 


In  a  network  of  n 


total  number 


of  numbers  will  be  2n. 


The  simplest  method  of  specifying  assemblies  is  | 

to  assign  to  each  number  a  separate  wire  and  to  apply  f 

| 

to  this  wire  different  voltages  depending  on  whetaer  | 
this  number  is  obligatory  or  conditional.  In  this  case 

■i 

to  each  output  of  a  (l,k)-pole  network  one  must  assign  ; 
a  bundle  of  2n  wires  numbered  from  0  to  2n  -  1 

and  2n  3-position  switches  (or  other  types  of  transfer 
switches).  Depending  on  the  position  of  the  switch, 
the  corresponding  wire  receives  either  the  total  voltage  : 
(if  the  given  number  is  obligatory)  or  half  the  voltage  , 
(if  this  number  is  conditional) ,  or  no  voltage  (for 
forbidden  numbers) ,  as  shown,  for  example,  In  Fig.  10u. 

Other  methods  of  specifying  the  assemblies  can 
also  be  developed,  for  example  in  the  form  of  pulses 

i 

i 

separated  in  time,  etc.  j 


- 


2.  Comparison  of  Assemblies  i  '  j 

and  Establishment  of  Coincidences 

The  determination  of  coincidences  of  individual 

I  assemblies  should  be  carried  out  with  a  special  device 

! 

k  • 

! 

I  connected  ultimately  to  each  pair  of  bundles. 

i 

To  determine  the  coinciding  assemblies,  we 
introduce,  on  the  basis  of  their  definition  (Chapter  6, 
Section  3),  a  coincidence  function  C(fy  , 

;  which  assumes  a  value  1  when  the  assemblies  and  '£  j 

| 

|  coincide,  and  0  otherwise,  that  is, 

1,  if  *  &nd  f0  coincide 

P  c(f1#f2)  1  (11.1) 

0,  if  f^j  and  do  not  coincide 

To  establish  coincidence,  it  is  necessary  to 
compare  all  the  numbers  of  the  assemblies  and  two  numbers 
will  coincide  %£  and  only  if  a  "unique  coincidence''  is 
established  for  each  number,  i.e.,  it  is  established 
that  not  one  of  the  obligatory  numbers  of  one  assembly 
is  contained  among  the  forbidden  numbers  of  the  second 
assembly*.  The  functions  of  the  unique  coincidence 


t 


fox  each  number  i  (where  i  *  0,  1,  2,  *■  1) 

should*  la  accordance  with  the  definition  of  the 
coinciding  assemblies  ,  satisfy  Table  21. 


Table  21  * 


■  Table  22 
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Then 


*n-i 

•  r  <-« 


(11.2) 


It  is  advisable  to  simulate  not  the  coincident 
function  itself  CCf^  ,  ) ,  but  its  inversion 


cCf^  ,  f  ^  )*• 


2"~l 


C  (/**  ffr)  **  , , .  Hh  £•*  |  “  S  *  3) 

/  v0 


JVs^ 


i 


where *cV  is  determined  from  Table  22. 


For 'the- numbers  corresponding  to  voltages  0,  H.  ! 
and  1,  specified  above,  the  function  c,  can  be  readily 
realised  by  means  of  a  thyratron,  with  a  firing  voltage 
located  halfway  between  half  and  full  voltage  (Fig.  101) | 


(11.4) 


The  non-coincidence  function  C(£k,  f^)  of  two 

^  *  ,  ; 
assemblies  is  realized  here  by  means  of  a  parallel 

connection  of  the  outputs  of  thyratrons  connected  to 

I 

like  wires  of  two  bundles,  as  shown  in  Fig  102. 

The  sequence  of  comparison  should  be  programed 
beforehand,  and  primarily  a  comparison  and  unification 
Stafplace  of  bundles  pertaining  to  each  transfer  contact,, 
followed  by  the  remaining  bundles .  j 


3.  Simulation  of  Unification 
Two  bundles  of  wires,  between  whicn  coincidence 
is  established  (C(fk>  f^)  *  D  should  be  unified,  that 


s  one  bundle  of  wire  should  be  obtained  instead  of  two 


The  voltage  on  wire  1  of  this  bundle  should  satisfy 
Table  23  (in  accordance  with  Chapter  6 ,  Section  3) * 


Tabl 

: 

fc 
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h  - 

r~“ 
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W  | 

_  1 
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0.  J 
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t/2  ' 

0 

V2 

f 

!  " 

1 

The  simplest  method  of  realizing  toe  unification  j 

I 

is  direct  connection  of  likB  wi x&s  or  the  w\ix led  _  j 

bundles. 

If  a  voltage  0  or  1  are  applied  to  the  wires 

...  I 

directly,  and  a  voltage  %  is  applied  through  a  limiting  ; 
resistance,  then  after  the  unification  the  resultant 
voltages  will  satisfy  Table  23.  Since  the  result  should 
leave  only  one  bundle,  the  circuits  in  the  wires  in 
the  second  of  the  unified  bundles  should  be  disconnected . 

Pig.  103  shows  a  joining  scheme  with  the  aid  of 
a  unification  relay  C  /s  which  operates  after  a 
coincidence  between  bundles  k  and  (has  been  established. 


6/7  ~~ 


Control  of  the  unification  is  by  means  of  a  unifi¬ 
cation  detector,  which  is  connected  by  means  of  a 
distributor  to  individual  bundles .  If  a  coincidence 
is  established,  a  .suitable  unification  relay  is  connecter 
in  the  detector,  as  shown  in  the  block  diagram  of  Fig. 


103 . 


When  voltages  are  applied  to  the  wire  not  through 
the  contacts  of  a  switch,  but  with  the  aid  of  a  relay 
network,  the  unification  operation  can  be  performed 

by  suitable  change  in  the  states  of  the  master  relays 
after  briefly  unifying  the  beams  once  coincidence  has 
been  established.  The  corresponding  network  is  shown 
in  Fig.  104.  The  master  relays  A  and  B  operate  in 
the  following  manner:  when  1  is  applied,  only  relay  A 
operates.  When  0  is  applied,  relay  B  operates.  When 
%  is  applied,  both  relays  operate.  These  numbers  are 
applied  in  the  form  of  brief  pulses  fed  to  windings  1. 

If  the  wires  are  joined  together  for  a  short  time,  and 
if  the  master  relay  of  both  bundles  are  in  the  same 
state,  their  states  will  not  change;  but  if  only  one 


relay  to  one  bundle >  end  both  xeleys  opeirete 

in  the  second,  then  the  relay  operating  in  the  second  is 
the  one  operating  also  in  the  first,  l.e.,  a  change  in  j 
potential  will  take  place  in  the  wires,  in  accordance 
with  Table  23,  The  master  relays  of  one  of  the  bundles 
should  then  release,  owing  to  the  application  of  a  short 

current  pulse  to  windings  III. 

In  the  second  method  there  is  no  need  for  using  a 

unification  relay  at  each  point. 

A.  Separation  of  Assemblies 
The  separation  of  numbers  into  two  assemblies 
at  the  point  where  there  is  connected  a  transfer  contact 
of  a  relay  with  weight  q  is  realized  in  this  method  of 
simulation  of  assemblies  by  simply  dividing  the 
bundle  into  two  parts  with  corresponding  renumbering 

*r';\ 

of  the  wires  in  one  of  them,  as  shown  in  Fig.  105. 

REPLACEMENT  OF  A  CONTACT  WITH  A  DIRECT  LEAD 
One  of  the  contacts  of  the  transfer  group  can  be 

'■  X  .  •  '  .  . ■_[ 
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replaced  with  a  direct  lead  (Chapter  7 ,  Section  4)  in 
the  case  when  the  obligatory  numbers  of  the  assembly 
of  this  contact  are  completely  contained  in  the  assembly 
of  the  second  contact,  even  in  the  form  of  conditional 
numbers ,  In  other  words,  in  this  case  the  following 
inequality  should  be  satisfied 


jjiV'j  j  <  | AT**  A^t} 


(11.5) 


ft  WlR  fztBSiit 


(11.6) 


where  f1min  «  {l\]  —  obligatory  assembly  of  the  contact, 
which  can  be  replaced  by  a  direct  lead  } 

j=2max  s|^,  ■ —  assembly  of  second  contact. 

Changing  over  to  voltages  c<  and  on  the  wires 

i  of  bundles  A  and  B,  corresponding  to  make  and  break 

\  .  ■ 

contacts  of  one  group,  inequality  (11.6),  which  indicates 
the  possibility  of  replacing  the  make  contact  (bundle  A) 


with' a  direct  lead  will  be  satisfied  if  for  each  pair  ofj 

like  wires  the  function  s1,.. ,  determined  by  Table  24,  , 

AB 

is  equal  to  unity.  Analogously,  if  the  function 
(Table  25)  is  equal  to  unity  for  all  pairs  of  like  wires 
this  will  indicate  the  possibility  of  replacing  the 
break  contact  (bundle  C)  with  a  direct  lead. 


Table  24  ‘  Table  25 


h 

h  | 

i 

! 

i 

*1 

— 

*  1 

|  m  j 

t 

» 

s  1 

| 

I 

0 

! 

i 

:  i 

0 

0 

i 

i 

1 

1 

i 

i/2 

■? 

i 

i 

1/2 

t 

i 

7 

i 

i 

t 

i 

0 

i  ! 

The  simulation  of  these  functions  is  analogous 
to  the  simulation  of  the  correspondence  function  by 


double  verification  with  allowance  for  polarity. 
Wien  unifying  bundles  in  which  at  least  one  is  connected 
to  the  direct  lead,  a  che’ck  must  be  made  on  the  possi¬ 
bility  of  appearance  of  false  circuits  (see  Chapter  7, 
Section  5).  • 


r 


4.  SYNTHESIS  OF  NETWORK 

_ 

To  obtain  the  synthesized  network  the  machine 

' 

is  provided  with  a  handle,  which  represents  a  universal 

\ 

(1 ,1c) -pole,  in  which  each  contact  and  connection  between 
wires  are  indicated  by  a  bulb,  as  shown,  in  Fig.  106. 

Bulbs  A  and  A  indicate  the  presence  of  a  given  contact 

X  \ 


in  the  network  and  light  $hen  there  is  at  least  one  total 
voltage  in  the  bundle  corresponding  to  the  given  output. 

Bulbs  B-l  and  B2  light  when  a  given  contact  is 
eliminated  (in  which  case  bulbs  and  must  not  glow)  j 
or  is  replaced  by  a  direct  lead. 

Bulbs  CVj^  light  up  in  the  case  when  correspondence 
|  is  established  between  bundles  k  and  (. 

Investigations  -have  shown  that  the  demi- 

panel  is  best  constructed  in  the  form  of  pyramids  with 
|  vertices  at  the  point  of  output  and  a  •universal  network  j 
at  the  input ,  as  shot-®  schematically  in  Fig.  107.  For  j 

f 

|  the  universal  network  the  bulbs  D  (see  Fig.  106)  are 

.!  '  . 

placed  at  the  intersections  of  the  outputs  of  both 

j 

parts  of  the  panel. 


&  - 


5,  CHANGE  OF  BASE  MB  CHOICE  OF  VERSION 
As  already  indicated  (see  Chapter  7}  Section  9) 


the  complexity  of  a  network 


depends  on  the  system 


used  to  number  the  relays,  i.e. ,  on  the  base  adopted. 

* 

A  change  in  base  leads  to  a  change  in  the  numbers.  In 
the  machine,  the  changing  of  the  base  is  simulated  by  i 
means  of  a  switchboard  that  changes  the  numbers  of  the 
assemblies  in  accordance  with  the  change  of  the  numbering 
of  the  relays.  Such  a  switchboard  has  nl  states  and  ! 
2n  -  2  inputs  and  outputs ,  while  the  numbers  0  and 
(2n  -  1)  do  not  change  when  the  base  is  changed. 

(rhe  theory  of  the  construction  of  such  switchboards 
was  developed  by  V.  G-  Lazarev  and  Yu.  L.  Ssgalovich 
/133/.) 

|  After  each  switching,  the  machine  constructs  a  new 

network.  The  choice  of  the  version  is  based  on  certain 

. 

|  additional  conditions  —  the  minimum  of  total  number 
of  contacts  in  the  network,  a  specified  distribution  of 
contacts  to  the  relay,  etc. 

I  To  facilitate  the  choice,  the  machine  is  equipped 


with  counters  for  the  mashers  of  contacts  on  each  relay 
and  for  the  total  number  of  contacts.  The  counters  may 
be  interconnected  with  the  central  assembly  in  such  a 

way  that  the  network  is  chosen  automatically. 

■  _  j 

6.  AUTOMATIZATION  OF  TIE  SPECIFICATION  OF  THE 

I 

CONDITIONS 

.  * 

For  synthesis  of  sequential  networks,  the  condi¬ 
tions  can  be  specified  in  the  form  of  connection  table 

si  . 

in  which  keys  specify  the  states  of  the  receiving 
elements  and  actuating  circuits.  The  machine  verifies 
automatically  the  rea Usability  of  the  table,  determines 
the  periods  during  which  the  states  of  the  intermediate 
relays  must  change,  and  introduces  intermediate  relays 
in  accordance  with  a  specified  program. 

After  the  realizability  of  the  table  is 

established, the 

corresponding  assemblies  axe  determined  for  each  of  the 
actuating  circuits  and  also  for  the  intermediate- relay 
circuits.  The  apparatus  for  specifying  the 

\  v  .  . . .  H  I  . 


connection  tables  was 


developed  under  the  leadership  of 
V.  G <  Lazarev.  I 

*  *  i 

l 

7.  BLOCK  DIAGRAM  OF  THE  MACHINE 
Fig.  108  shows  a  block  diagram  of  the  machine 
for  the  synthesis  of  relay  networks .  ihe  prxncipii 1 

f 

blocks  of  the  machine  are  as  follows:  1 

A  panel  for  specifying  the  connection  table  with 
2 “-position  keys  for  the  receiving  elements,  lamps  , 

L  for  the  intermediate  relays,  and  3-position  keys  Kg 
for  establishing  the  states  of  the  actuating  circuits 

! 

in  each  step.  j 

1 

Base  switchboard  (BS) i  1 

S 

Coincidence  detector  (CD) .  j 

Dummy  panel. 

Number  of  contact  counters  (C) .  \ 

Control  network  (Y) . 

The  operation  of  the  machine  was  verified  in  a 

breadboard  model  constructed  in  toe  Laboratory  for  vlire  j 

i 

Communication,  Academy  of  Sciences,  U.S.S.R.  Later,  in  j 


<5 ccordanc e  with  the  model  devel oped  ill  the  laboratory  , 
the  machine  shop  of  the  Institute  for  Automation  and 
Telemechanics,  Academy  of  Sciences,  U.S.S.R. ,  was 
prepared  a  model  of  the  machine,  which  has  passed  labor¬ 
atory  tests  successfully  and  which  was  demonstrated  at 
the  World’s  Fair  in  Brussels  in  1958  (it  was  awarded 
the  highest  prize  of  the  fair  --  Grand  Prix) .  At  the 
present  time  work  is  being  done  on  the  development  of 
machines  intended  for  practical  utilization  in  the 
design  of  relay  networks.  (The  development  was  carried 
out  under  the  leadership  of  the  author  with  the  aid 
of  A.  A.  Arkhangel ' skaya ,  S.  S.  Kraynov,  V.  G.  Lazarev, 
and  0.  F.  Sergeyeva. 


A,-B, 


f  "Vi  ?  Aj  *  *  •  J 


i lay  ’windings  (in  mulixpole ~<w ing 


•alays  —  windings  f r oca  which  "the  current  flows  from  the  start  to 


the  end ) . 

-dfc*  *$'“'*  «Sfc’ 

JVj  B*  «c  *  *  ^  Vi^  H }  « * « 


bucking  biddings  of  relays  (current 


flows  from  the  end  to  the  start) 


a ,  b ,  Mtj  w *  *>- 


a,  b,  w,  x, 


w«  x  —  make  contacts.  Boolean  variables. 


break  contacts,  inverse  Boolean 


variables 


G  —  element  of  finite  conductivity. 

4  ditto  of  same  order  of  conductance  a's  element  A. 

!ip ^  —  ditto,  of  greater  order. 

^ S"A  —  ditto  of  greater  order  or  of  the  same  order. 

G,  ,  —  ditto  of  same  order, 

<-& 

G  —  ditto,  of  smaller  or  same  order. 

«A 

f,  f  —  contact  circuit  (its  structural  formula). 

£v  —  contact -.circuit  of  relay  W  (operating  formula  of  relay 


CO  —  any  inda  terminate  contact  circuit, 
f, ■  —  contact  circuit  between  nodes  i  and  j 


p 

rain 


minimal  contact  circuit. 


maximal  contact  circuit; 


formula  for  operation,  of  relay  ¥. 
g,.  formula  for  holding  relay  W. 


1 


h  —  formula  for  r els ass  of  relay  W. 

W 

k-  —  constituent  with  number 
"  <K 

r  —  gubeongtituent,  corre spending  to  the  operating-  step, 
g  —  the  same,  for  holding  step, 
h  —  the  same,  for  release  step, 

d  s(*>,  ...»  —  timbers  of  states  (constituents)  of  a  network 

.  --.the  same,  obligatory  constituents. 

,  - —  the  same,  conditional  constituents. 

)J  —  forbidden  numbers, 
i  , 

r  >/Ul  /  ‘  ‘  '  ^  ^  ^  J 

—  assembly  of  obligatory  and  conditional  nunbera. 


N  —  .assembly  of  obligatory  numbers. 

K  —  assembly  of  conditional  numbers. 

~l/-o  ~~  el^ValQnoe  * 

F, -0  —  relay  circuit  (relay  network). 

—  any  (indeterminate)  relay  circuit, 
n  —  number  of  relays  (elements)  in  a  network. 


q  a  21  “  1 


weight  of  relay  X* 


+  —  parallel  connection  (logical  addition). 

. —  serxes  connection  (iogicax  multxplxcutxon) « 
0  —  permanently  opened  circuit. 

1  —  permanently  closed  circuit. 


--  joining 

equivalence  of  circuits  based  on  structural  admittance. 


equality  >  of  relay  circuits  in  action, 
absolute  equivalence  of  relay  networks* 
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